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ABSTRACT
In response to the increased awareness of global warming and sustainable energy usage,
methods to improve energy consumption in the real estate industry through innovative
environmental technology were explored. Since the new stock of buildings each year
represent a small portion of the total supply of real estate, improvements to the existing
stock through energy-efficient upgrades can result in substantial reductions in overall
energy demand. Since most of the buildings built prior to 1981 are inefficient in terms of
energy usage, coupled with the fact that 60% of these buildings will still be operating in
2020, there is significant progress to be made for a sustainable energy system.
This thesis explores ways to improve energy efficiency in building design through the
implementation of innovative, environmental technology. The financial savings through
energy efficiency may result in an increase in value of the underlying asset by increasing
the net operating income. To test this thesis, over 100 case studies were analyzed in
various sectors of the real estate industry over a vast geographical area to determine the
effects of energy efficiency on building performance. Based on the results of the
analysis, the potential increase in asset value was calculated by capitalizing the cash flow
stream. The results showed that a significant increase in asset value can be achieved by
implementing innovative environmental technology.
Thesis Supervisor: Fred Moavenzadeh
Title: George Macomber Professor of Construction Management
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INTRODUCTION
We can't solve problems by using the same kind of thinking we used when we created
them..
-Albert Einstein
There are a number of concerns regarding the sustainability of the earth's natural
resources and the effects current business practices will have on future generations. One
of the issues widely discussed today is global warming which many experts believe to be
attributed to the emissions of greenhouse gases (GHG) into the atmosphere. Since there
are many factors related to the emissions of GHGs, namely increased population, fossil
fuel combustion, and overconsumption of energy, a solution to global warming is not
easily determined. As population levels increase more rapidly in developing countries,
natural resource consumption and GHG emissions levels will further increase if
technological innovation is not integrated into the economic development of these
communities. Population trends in the developing world show that urban population in
developing countries will double in the next 25 years.
As developing countries continue to grow, they will turn towards the Western World for
technological solutions for energy consumption. and pollution related problems.
However, the solutions lie buried beneath smog, coal mines, and oil fields. There are
many skeptics who believe that global warming is not related to greenhouse gas
emissions and the world has an endless supply of natural resources, so inefficient and
nonsustainable operating practices continue throughout the western world.
Twenty percent of the world's population, which lives in the richest countries, generate
approximately 75% of the carbon dioxide emissions, a greenhouse gas perceived to be the
primary cause of global warming. As illustrated in Figure 1, North America, Europe,
and Japan dominate the world's energy consumption and are also the leading emitters of
Co,.
Figure 1 - Energy Consumption in the World's Regions
World Energy Consumption
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Source: UN Energy Statistics
The major problem with over consumption in the industrialized world is consumer
lifestyle. Many of the luxuries associated with western culture involve high-embedded
energy products, which result in a significant amount of waste products. This mindset is
inherent in all facets of the western society, especially in the U.S. real estate industry. For
example, in 1982, Houston residents paid $3.3 billion for cold air, more than the gross
national product of 42 African nations. From and industrial perspective, American
companies require twice as much energy to produce a dollar of goods as companies in
other industrialized countries, five times the waste per dollar of goods sold as Japanese
companies, and over twice as compared to German companies. (Romm, 1994). As
shown in Figure 2, the commercial building sector alone produces 16% of the United
States GHG emissions. However, as evidenced by the real estate financial turmoil of the
late eighties and early nineties, with major problems come major opportunities.
Figure 2 - U.S. Energy Consumption
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Through innovative environmental technology, energy efficiency in building operations
can be greatly reduced resulting in significant financial and environmental benefits.
According to L. Hunter and Amory Lovins, cofounders of the Rocky Mountain Institute,
"Just the energy savings the U.S. has already implemented are saving
$160 billion a year, compared to what we would be spending if we used
energy as inefficiently as we did in 1973. Yet if America were as energy-
efficient as some of our Asian and European competitors are, we would
save an additional $200 billion a year."
Governmental bodies are becoming increasingly aware of environmental problems and
have committed to reduce inefficiencies and emissions through the Kyoto agreement. In
response to this commitment many public programs have arisen to assist environmentally
responsive development. Many large industrial companies are now monitoring their
emissions to become environmentally certified by such organizations as ISO. Other
organizations have begun to emerge to promote green development such as the U.S.
Green Building Council, which is currently establishing a rating system for
environmentally friendly buildings.
Why Green Development?
In order to foster a resource efficient and sustainable environment, energy consumption
needs to be greatly reduced from the current norm. The existing standards and
legislations appear to be functionally obsolete since technological innovation progresses
more rapidly due to the lag time for public approval of these programs. As such, the
legislation is several years behind the technology. Since current development practices
involve being the least cost producer of real estate, many projects default to the norm to
reduce up front and financing costs. This is an ongoing mistake conventional developers
make since the integration of green development practices can significantly reduce future
operating costs and, when discounted, are far in excess than the perceived savings of
adhering to the current standards.
This thesis will attempt to clarify the benefits of green development. Chapter 1 provides
a discussion of current green development practices and how it began to develop.
Current environmental technologies such as renewable energy sources and resource
conservation techniques are described in this chapter to demonstrate how they can be
integrated into any real estate development project. Chapter 2 discusses the current
governmental recognized standards related to environmentally responsive development.
Domestic and international standards, as well as public and private programs which will
promote energy efficient design practices are also identified in this Chapter. Chapter 3
discusses the current and future financial mechanisms for green developers to obtain the
necessary capital for new or redevelopment projects on both domestic and international
fronts. Lastly, Chapter 4 is designed to show the overall financial effects every real
estate professional strives for: increased asset value. Through over 100 case studies, the
potential increase in asset value is estimated by asset class. Other innovations are
discussed such as new lease and financing structures to further increase asset value and to
maximize building performance through the implementation of green development
practices.
CHAPTER 1 - CURRENT TRENDS IN GREEN DEVELOPMENT
Real estate is being thrust into rapid change to respond to advancing technologies and a
more demanding, better-educated clientele. Buildings developed 10 to 20 years ago are
becoming functionally obsolete.
Kevork M. Derderian, Prime Group Realty Trust
Through increased awareness of the earth's depleting natural resources and innovative
technologies, which allow buildings to operate more efficiently, there has been
significant progress in green development strategies. The tremendous progress in these
areas is most evident in the environmental improvement/redevelopment of cities, such as
Chattanooga, Tennessee and Curitiba, Brazil, which illustrate the continuum of efforts for
the environmental awareness in real estate development.
This chapter will highlight the various trends in green development by first describing a
few examples of public urban renewal projects followed by detailed descriptions of the
current environmental technologies such as alternative energy sources, energy efficiency,
resource conservation, and waste minimization.
Urban Renewal
According to Walter McGuire, President of the Center for Law and Politics,
"The importance of the environmental role of cities is illustrated by the
rising proportion of total environmental spending that occurs at the local
level. But the challenge to local communities is steadily increasing.
Landfills are closing, federal aid to cities is declining, air quality standards
are tightening, local budget deficits are more severe, and state and federal
laws are mandating local governments to do more to protect the
environment."
As highlighted by Walter McGuire's quote, it appears that the public sector will attempt
to advance the green development movement. As discussed in later chapters,
governmental regulation and financial incentives will be needed to further promote green
development and help move technological innovation into the next century. However,
the public sector has needed to call upon private organizations to assist in the
implementation of green development strategies. Many of the most successful projects
have resulted from public/private partnerships.
The following two case studies only represent a small fraction of the current
environmental urban renewal projects, but clearly state the goals, factors, and
technologies to bring green, urban renewal projects to fruition.
Curitiba, Brazil
In Curitiba, Brazil, the implementation of a mass transit system and stringent
development regulations has resulted in vast improvements to the overall economy of the
city while minimizing pollution and waste, encouraging the efficient use of resources,
and improving numerous social programs. With an efficient transportation system,
Curitiba's fuel consumption is 50% the national average and approximately 27 million
car trips are saved each year. The public transportation system includes color-coded
buses (red for express buses, yellow for suburban feeder buses, and green for the inter-
district buses that link the concentric suburbs) and numerous frequently scheduled routes
to provide an effective and efficient bus service. The loading for the buses are through
tubular boarding stations at the same level as the bus aisle which increase boarding
efficiencies to a level exceeding metrorail capabilities. In addition to the loading design,
a new type of bus was introduced in December, 1992 known as the "bi-articulated" bus.
These buses are essentially three buses attached by two articulations, with an ultimate
capacity of 270 passengers. This innovative bus design has allowed over 20,000 bus
passengers to travel during rush hour at a cost of 0.5% that of Rio de Janiero's subway
system.
Although there is about one private car per three city residents, one of the highest per
capita ownership rates in Brazil, three quarters of all commuters (approximately 1.3
million passengers per day) take the bus. Farebox recovery is reported to be in the range
of 100 percent, despite the fact that passengers over the age of 65 ride for free. An
additional benefit is that Curitiba has one of the lowest atmospheric pollution rates in the
country, and the cost-effectiveness of the system allows the city to keep its fleet on
average only about three years old. Since a majority of the system is privately owned, the
city administration pays the operators one percent of the value of a bus per month and,
after 10 years, takes possession of the retired vehicles, refurbish them, and makes them
available for human services uses including neighborhood day care centers, shelters, and
mobile classrooms.
Chattanooga, Tennessee
The city of Chattanooga has undergone tremendous environmental revival over the past
10 years through dedicated political figures and successful public/private partnerships.
Approximately 20 years ago, air pollution in downtown Chattanooga was so bad, that
commuters had to drive with their headlights on even during the middle of the day!
Residents would frequently find smudges of soot around their noses and mouths and
would typically carry a change of clothes with them since the first set would be soiled by
midday through the poor air quality. Since Chattanooga is nested in a bend between the
Tennessee River and the Appalachian Mountains, and the city's factories, foundaries,
coke plants burned soft coal, the emissions were trapped in the stagnant air flow patterns
and would hang in the city for days. Upon the passage of the Clean Air Act in 1970,
approximately $40 million was spent locally on pollution control equipment which
initiated Chattanooga's green revival. Many of the large polluting operations were shut
down and others joined together to form a public consensus towards environmental
sustainability. which helped larger projects move forward.
The city began by revitalizing downtown through the construction of Tennessee
Riverpark - a green corridor (approximately 22 miles) along the Tennessee River where
people can walk, bike, fish, and picnic. A public/private partnership also resulted from
this revitalization effort which outlined 223 projects including:
e The Tennessee Riverpark
e The Tennessee Aquarium - the largest freshwater aquarium in the country
e Bessie Smith Hall - public convention center
* Renovation of the Walnut Street Bridge - converting bridge to a pedestrian walkway
* Tivoli Theatre
* Initiation of public electric bus system - second largest in the country Carrying
approximately 700,000 passengers/year
* Construction of over $60 million in affordable housing
South Central Business District
Currently, Chattanooga is planning a zero emissions commercial and industrial park
called the "Smart Park" in the South Central Business District. Through the use of
public/private partnerships, this project will redevelop an abandoned area with
contaminated soil and deteriorating infrastructure. John Todd's Living MachineTM may
be used to treat some of the sewage and polluted soils. The intent of this development is
to conduct an ecosystem with waste elimination and a "closed loop manufacturing
process" modeled behind Kalundborg, Denmark.
According to Geri Spring, Chattanooga Institute for Sustainable Communities and
Companies, property values within the CBD area have tripled over the past five years as a
result of urban renewal programs.
Environmentally Responsible Technologies
The primary goals behind the implementation of environmentally responsible
technologies in private real estate development projects are (1) reduced operating costs,
(2) marketplace differentiation, (3) improved operations and comfort, and (4) in certain
areas, compliance with governmental regulations. As demonstrated in later sections of
this thesis, there are various other unanticipated benefits to promoting green development
practices. The most notable technologies include energy efficiency, alternative energy
sources, resource conservation, and waste minimization, which are described in more
detail in the following sections.
Energy Efficiency
In the U.S., 35% of the U.S. energy supply and 60% of the annual electricity usage is
used for operation of buildings. Various publicly funded programs such as the EPA's
Energy Star® and Green Lights® Programs, have helped large organizations such as
Mobil Corporation save as much as $77 million annually in operating costs. Innovative
computer modeling programs such as DOE-2 are now available which allow building
owners/developers to simulate loads and energy consumption on a hourly basis by
inputting certain building characteristics. These models will enable developers to
effectively estimate energy savings for different alternatives resulting in the most cost-
effective, energy-efficient design.
There are a number of ways to improve energy efficiency in buildings. Newly
constructed buildings primarily incorporate energy-saving design features such as
building orientation (for passive solar heating and heat minimization purposes), floor
plan, efficient building envelope materials, and innovative construction materials such as
energy-efficient lighting and HVAC systems.
Lighting
According to the EPA, lighting alone accounts for 20 to 40 percent of all energy usage in
commercial buildings. Currently, it is estimated that lighting upgrades can reduce energy
consumption by up to 70%. Additionally, more efficient lighting fixtures reduce the heat
emitted, which lessens the burden on cooling systems, further lowering energy
consumption and operating costs.
Lighting improvements are probably the simplest way to improve energy efficiency and
increase worker productivity. With the majority of the current lighting upgrades in
commercial buildings, an inefficient system designed for employees working on flat
surfaces, typewriters, and large offices are being replaced by more efficient lighting
systems to reduce glare on laptops and word processors including more control for
smaller, individual work spaces. Occupancy sensors are also being installed to eliminate
energy usage when there is no worker demand.
Innovative lighting strategies include maximizing the daylight into workspaces to
minimize the energy consumption. Various techniques include sawtooth roof forms to
provide uniform illumination over a large floor plate; roof monitors, to allow daylight
exposure from more than one direction; active concentrating heliostats, passive
collimating systems, and high performance optical skylights for the collimation of light
further into high rise buildings. Other strategies include sloped or curved ceiling planes,
light shelves, and baffles, louvers, and reflectors to create more natural, and more
importantly, free, illumination.
In a study performed by the Weidt Group, an independent building industry consultant,
the implementation of a highly reflective ceiling (0.89 LR) can increase light levels up to
25% while resulting in an 18% savings in initial costs and operating costs.
Building Envelope
In coordination with the other building design elements described below, the building
envelope is one of the most important components for a full system design approach to
ensure that the operating systems provide their intended energy saving features. Major
building envelope items include windows, doors, walls, floors, and roofs. Each of the
building envelope characteristics must be carefully planned to account for the outside
climate, inside operations, heating/cooling systems, and building shape/orientation.
In the U.S., approximately 25% of residential heating and cooling energy use can be
attributed to losses through windows. A total upgrade in windows to the most current
efficient window systems can reduce losses by up to two-thirds. Current technologies are
continuing to improve the "R" values (a measure of the resistance of heat flow across a
wall or window assembly; a higher value represents lower energy loss) of both residential
and commercial window assemblies.
A 1990 study by the U.S. Department of energy estimated that energy savings of 30 to
35% could be achieved through 1990 - 2010 by upgrades in dwellings built before 1975;
the savings potential for dwellings constructed between 1975 - 1987 was found to be
slightly less.
Heating, Ventilation, and Air- Conditioning (HVAC)
In early designs, prior to the energy crisis of the 1970's, a majority of HVAC systems
were designed to heat and cool spaces simultaneously. As a result, systems that
maximized energy consumption and building operating costs were installed. Currently,
HVAC systems account for 40 to 60 percent of the overall energy consumption in a
building. This range is dependent upon a number of factors including temperature zone
(bioregion), building envelope, floorplate configuration, and operating procedures.
With respect to cooling strategies, careful building design can result in a complete
elimination of a cooling system. E Source estimates that energy consumption for cooling
can be reduced by approximately 50% through load reduction strategies. Further savings
in equipment can result through the downsizing of the system, and required ductwork.
Technologies to increase efficiency include higher quality system components such as
improved thermal insulation; heat exchangers; higher evaporator coil temperatures;
advanced refrigerants; efficient motors, chillers, and compressors; and electronic sensors
and controls. For most commercial buildings in the U.S., energy savings are most easily
obtained through more efficient chillers and reduced ductwork which minimized friction
losses and reduced required horsepower.
Improvements in residential heating systems have evolved since the passage of the U.S.
minimum efficiency rating of 78% for new gas-fired, warm-air furnaces in 1992.
Currently, heating units typically use "condensing technology" where the latent heat of
water in the flue gas is recovered to increase efficiency up to 97%. Other improvements
have been made in high-efficiency heat pumps, geothermal heat pumps, and pipe
insulation technologies to further increase system efficiency.
Perhaps the latest innovation in HVAC building design is natural or passive ventilation.
Passive ventilation is achieved through thermal chimneys that induce air through the
building and temperatures are modified through a series of dampers, louvers and heating
controls. As warm air from the building travels through the chimney and out the stack,
the pressure in the stack results in outside air being "sucked" in through louvered
chambers and into the desired area. In addition to lower energy consumption, passive
ventilation design can result in the elimination of a chiller, which is a leading emitter of
ozone-depleting chlorofluorocarbons (CFCs) and hydrogenated chlorofluorocarbons
(HCFCs). This advantage has become increasingly important due to the wordwide ban of
CFCs passed in January 1996. The Queens Building in Leicester, England, is an example
of a passively ventilated Building (see Case Study Summary for a more detailed
description of the project).
An innovative air distribution technology is the access floor system. By using the
concept of natural convection, underfloo: air is supplied through the floor system and
returned through the ceiling. This design has proven to reduce installation and energy
costs, as well as increasing building space flexibility and more easily maintained.
Alternative Energy
Passive Solar
According to the Passive Solar Energy Council,
"Passive solar design balances all aspects of the energy use in a building:
lighting, cooling, heating, and ventilation. It achieves this by combining,
in a single concept, the use of renewable resources and conventional,
energy-efficient strategies."
Passive solar technology involves tracking the annual path of the sun top determine the
optimal building orientation. Based on the floor plate of the building, passive solar
design typically involves large south facing windows placed in such a manner as to
optimize the summer's heat and light during the winter, while also providing shade from
the high sun during the summer months. Many designs also include heat absorbing floors
and walls, generally made of masonry or tile, as well as other materials with a high
specific heat to store the heat overnight such as an indoor pond or an ornamental bed of
crushed stone. Superinsulated walls and windows are also required to trap thew sun's
heat in the winter and keep the sun's heat out in the summer. In addition, the northerly
face of the building should have minimal exposure to the sun to contain heat in the winter
and prevent excessive temperatures in the summer.
The primary advantages to passive solar technology are the low up front cost and large
energy savings. In Reno, Nevada, for example, Neuffer Construction has developed a
subdivision of passive solar homes that add only 1% to the overall construction cost
while saving more than 50% in annual energy expenditures. The Rocky Mountain
Institute, in Old Snowmass, Colorado is a 4,000 sf research center that is superinsulated,
south-facing windows, earth sheltering on the north side and maintains an indoor air
temperature between
60 and 70 degrees
throughout the year.
According to the
resident, energy guru
Amory Lovins, the
air temperature has
maintained between 60 and 70 degrees even when the outdoor temperature has dropped
as low as 47 degrees below zero. Lovins also estimates that the energy savings due to the
passive solar design and other energy-saving designs have repaid the cost in the first ten
months and will payoff the cost of the entire building in 40 years. At a global level,
passive solar technology reduces the consumption of the earth's natural resources such as
oil, natural gas, and electric power while reducing the emissions of greenhouse gases.
According to Bill Browning, founder of Green Development Services at Rocky Mountain
Institute, natural daylighting is the most common passive solar application in commercial
buildings. Advanced windows with light shelves, skylights, light pipes and other
technologies are used to maximize light transmission while minimizing glare and heat
gain.
Photovoltaic Electricity
Photovoltaic ("photo" meaning light and "voltaic" meaning voltage) cells are cells
typically made from crystalline, polycrystalline, or amorphous silicon which are capable
of generating electricity upon exposure to light. The cells are comprised of two wafers
with varying electron composition to promote the passage of electrons when sunlight
(photons of energy) penetrates the wafer. This passage of electrons from one side of the
wafer to another is intercepted by electrical contacts to control the flow of electricity to a
desired source. Current technology permits approximately 15% efficiency of direct
conversion from sunlight to electricity.
According to the U.S. Department of Energy, photovoltaic (PV) modules covering 0.3%
of the land of the U.S. could provide 100% of the country's electricity demand. In
addition, PV output is highly correlated with demand, thus alleviating peak demand load
problems and the need for additional power plants.
New technologies are developing to decrease the cost of PV implementation to be more
comparable to typically utility costs; a decrease in costs by more than 300% since 1982.
As of 1994, more than 200,000 homes rely on PV cells for power supply, and expected to
increase 20% per year. PV cells are also utilized in approximately 200,000 villages in
over 150 countries throughout the world. The World Bank estimates that approximately
$1 trillion in new PV capacity will be required this decade and over $4 trillion over the
next 30 years.
The implementation of PV technologies are essentially useful in developing countries
which do not have adequate power supply sources, but are also being planned in major
cities of highly technological countries such as China and Japan where high density and
lacking infrastructure have limited development potential of several parcels of land
within the central business district (CBD). The primary use of PVs in developed
countries is to reduce energy costs. The Georgia Tech Aquatic Center, which hosted the
swimming competitions of the 1996 Summer Olympic Games, contains over 2850 PV
modules equating to approximately 340 kilowatts of electricity, making it the largest
building-integrated PV system in the U.S. The PV system helps power the lighting
network for the center and unused electricity is "sold" back to the power grid to further
reduce the overall operating costs for the facility. The project cost $5.2 million to
construct while saving 440,140 kW of utility electricity per year as well as reducing
environmental impacts such as CO, and SO2 emissions as much as 9,900 and 100 tons
respectively over the 30-year life span.
In 1993, the City of
Tucson began develop-
ment of Civano, a
demonstration project
on an 820-acre parcel in
which it plans to use
75% less energy than
conventional mixed use
developments through
the use of Georgia Tech Aquatic Center
photovoltaics. Civano
relies heavily on a public/private joint venture to finance the project. The city will save
over $500,000 per year in infrastructure costs. The estimated payback for the project is
eight years at which time the city will receive in excess of $1 million in additional
revenues.
Geothermal Energy
Using a fairly forgotten resource, the ground beneath a building, an alternative heat
source (heating) and sink (cooling) can significantly reduce energy costs. Since the
ground temperature remains constant throughout the year, geothermal heat pumps use
approximately 30% less energy than conventional heat pumps which depend on outside
temperatures which are significantly more volatile. Although the technology is not new,
significant progress has been made to reduce the installation and operating cost of
geothermal heat pumps, as much as 25%. A typical geothermal heat system in a single
family home ranges from $10,000 to $12,000 as compared to $5,000 to $6,000 for a
typical high-efficiency heat pump.
A limitation to this technology appears to be the lack of feasibility for large-scale
buildings with high floor to area ratios (FAR). However, as demonstrated in the Fountain
Head residential subdivision project in Bridgewater, Virginia, these systems can reduce
utility bills significantly for single-family residences while increasing property values.
Resource Conservation
The operating energy used for heating, cooling, lighting and appliances appear to account
for a majority of energy usage associated with building construction/operation. However,
buildings also represent a significant energy investment that includes the energy used
during the construction of a building, namely the embodied energy. This energy
investment includes locating, extracting, processing, transporting, and placement of
building materials. As such, the use of recyclable and native materials can significantly
reduce overall energy/resource consumption and reducing costs by avoiding unnecessary
tipping fees at landfills. Table 2 illustrates the relative energy intensity of various
building materials by weight.
Table 1 - Relative Energy Intensity of Building Materials (by Weight)
Lumber I
Brick 2
Cement 2
Glass 3
Fiberglass 7
Steel 8
Plastic 30
Aluminum 80
Source: Monsanto Workplace Strategies and Operations
As illustrated in the following table illustrating the savings for the Southern California
Gas Energy Resource Center, the savings behind the use of native and recyclable
materials can be significant. One of the major problems behind the reuse of materials is a
conflict of interest imbedded in the design process. Since architectural firms' fees are
typically a percentage of the overall construction cost, there is a natural tendency to
maximize the construction cost to account for the design teams labor. As such, a
reduction in overall construction cost may be perceived as a loss for the design team,
especially if the design is considered innovative.
Table 2 - Recycled vs. New Construction Cost Comparison
for the Southern California Gas Energy Resource Center
PROJECT RECYCLED CONVENTIONAL
COMPARISON BUILDING CONSTRUCTION
44,000 SF FACILITY ENERGY RESOURCE
CENTER
Items Description Cost Cost
General Conditions 889,290 1,223,200
Site Work 452,757 1,046,320
Concrete 316,384 616,000
Masonry 31,000 231,000
Metals 1,029,375 1,591,000
Carpentry 94,914 316,800
Thermal/Moisture 388,590 389,840
Protect
Doors, Windows, Glass 318,604 356,400
Finishes 1,021,494 1,179,200
Specialties 78,148 127,600
Equipment 75,270 92,840
Conveying Systems 31,500 79,200
Mech. and Plumbing 810,982 1,073,160
Electrical 1,220,316 1,420,320
TOTAL
CONSTRUCTION
COSTS $6,758,624 $9,742,920
Source: Larry Wolff, AIA 1995.
Waste Minimization
As demonstrated in the following examples, significant savings can be achieved through
up front planning and ecological engineering to reduce waste streams and even turn
wastes into a valuable resource. Waste streams can include solid waste, wastewater, or
other waste products from manufacturing. By effectively minimizing waste streams, a
company can significantly lower operating costs and increase asset value.
Improved Utilization Of Municipal Waste
Saratoga Ice Rink, Saratoga County, New York
An innovative solution to two problems facing Saratoga County was helped solved by
Clough, Harbour and Associates, a multidisciplinary firm in Albany, New York.
Saratoga was faced with a landfill which had reached capacity, and was seeking a new
landfill site, while also seeking a site for a new hockey rink. The solution was to close
the existing landfill, install a methane recovery system, and use the methane stream to
help power the ice rink to be built adjacent to the old landfill. This approach not only
reduced the overall operating costs for the ice rink, but prevented methane emissions into
the atmosphere, thus turning a waste stream into a fuel stream.
Improved Utilization Of Wastewater
Huis ten Bosch Resort, Nagasaki Prefecture; Japan
An urban resort in Nagasaki has implemented the zero emissions concept through the
reuse of various wastes. The resort discharges about 2,000 to 3,400 metric tons of
sewage daily. The wastewater flows to a tank filled with bacteria and passed through
filters. The effluent is then used for flushing toilets, running the resorts air-conditioning
units, and watering plants.
The resort generates 35% of the 47 million kW of electricity it uses by burning natural
gas and buys the remainder from a local power company. Heat discharged from the
burning of gas is converted to steam used for air conditioning.
In 1995, the resort began recycling its solid waste. The company contends that in 1996, it
dropped its use of heavy oil by more than 80% to 19 kiloliters, reducing the emissions of
greenhouse gases such as carbon dioxide.
Closed Loop Manufacturing
Kalundborg, Denmark
A classic example of industrial ecology and closed loop manufacturing has evolved
through 20 years of effort and ongoing relationships between suppliers, consumers, and
nearby industries in Kalundborg, Denmark. The closed loop process is illustrated Figure
3 where four major participants: the Asnaes Power Company, Novo Nordisk
pharmaceutical plant, a Gyproc facility for producing wallboard, and a Statoil refinery
work in coordination to exchange steam, gas, cooling water, and gypsum to reduce costs
and eliminate waste products. The coal fired power plant generates waste heat that is
used by an aquaculture facility that raises 200 tons of turbot and trout annually. Gypsum
produced from the pollution-control equipment on the power plant's smokestack (sulfur
emissions convert calcium carbonate into calcium sulfate, or gypsum) is used by the
drywall manufacturing plant in place of virgin (mineral) gypsum. The waste stream from
the power plant is used by the oil refinery and the pharmaceutical plant. Wastewater
from the oil refinery is used by the power plant. The pharmaceutical company processes
sludge from its fermentation process with chalk lime to make fertilizer for local farming
operations. A cement plant and chemical manufacturer are also part of this inter-
connected system in which all operations benefit from their association with the others,
saving the costs of waste disposal as well as raw material acquisition.
Figure 3 - Kalundborg Industrial Symbiosis
Kalundborg Industrial Symbiosis, 1995
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Through 1993, the $60 million investment in infrastructure (to transport energy and
materials) has produced $120 million in revenues and cost savings.
For several years researchers have attempted to find similar ecological industrial
partnerships and have had minimal success. However, Erich Schwarz has discovered and
studied a much larger, more diverse "industrial recycling network" in Styria, Austria
involving a complex network of exchanges among over 50 companies. Industries
participating include agriculture, food processing, plastics, fabrics, paper, energy, metal
processing, wood working, building materials, and a variety of waste processors and
dealers. Two other projects are planned in Minnesota and Mississippi and are currently
under construction.
Conclusion
As demonstrated in this chapter, there has been significant progress in the field of
environmental technology and industrial ecology to effectively reduce energy
consumption in all sectors of real estate development. Through the efforts of the US
EPA, Rocky Mountain Institute, and the US Green Building Council, to name a few, real
estate professionals, public officials, and engineers/architects are beginning to realize the
benefits of environmentally responsive development. As Robert Watson, NRDC
scientist, states:
"As important as the environmental and energy savings are for NRDC's
future, we believe they will serve an even more crucial purpose in
demonstrating to architects, engineers, and city planners that energy-
efficient renovations are not simply environmentally responsible-they
are economically wise."
CHAPTER 2 - GOVERNMENTAL STANDARDS AND PROGRAMS
The government is best which governs least.
-Thomas Jefferson
In response to the United States' commitment to reduce their contribution to global
warming through what is perceived to be caused by the release of greenhouse gas
emissions into the atmosphere, as well as other counties involved in Kyoto, there has
been a renaissance in environmental awareness throughout the public sector. Many
federal environmental programs have been rewritten, or in the process of being rewritten,
to help conceive a new paradigm in environmental technology. Many local and state
governments have also initiated awareness to the environment and have adopted
standards more stringent than the "default" federal standards.
This chapter will describe the current status of public government environmental
standards/regulations and sponsored programs, which were created to foster energy
efficiency and global sustainability in the real estate sector through the development of
technological innovation.
Governmental Recognized Standards
ASHRAE Model Standard
The American Society of Heating, Refrigeration and Air-conditioning Engineers
(ASHRAE) is an international organization of over 50,000 professionals, founded in
1894, whose purpose is to promote the development of energy efficient technologies in
the areas of heating, refrigeration, and air-conditioning, through research, standards, and
education programs. The current standards for New Buildings Except Low-Rise
Residential Buildings, (90.1-1989) provide a universal standard for engineers, architects,
manufacturers, and builders for mechanical equipment design in new buildings. The
standard specifies minimum energy efficient design criteria for building envelope,
electrical, heating, cooling and lighting systems. By virtue of the Energy Policy Act of
1992 (EPACT), all states were required to submit to Secretary of Energy that their
building energy codes met or exceeded the stipulations outlined in ASHRAE 90.1-89 by
October 24, 1994.
The ASHRAE commercial building standards in effect nationally are expected to reduce
energy bills by $2.1 billion annually by 2010. Improved commercial building codes
slated for adoption by ASHRAE could-cut carbon dioxide emissions by I million metric
tons per year by the year 2000 and 11.2 million metric tons annually by 2010.
Given the vastly improving equipment and energy efficient technologies, ASHRAE is
currently in the process of upgrading the standards to improve overall building design.
The development of the revision, ASHRAE 90. lR, is under tremendous scrutiny and has
been susceptible to various public comment periods and political processes. As such, the
implementation of the new standard may be preceded by more efficient technologies,
which may make the new standard obsolete. Upon discussion of the current standard
with William Prindle, ASHRAE Board Member, the approval process has delayed the
implementation of the standard to a level where the technologies incorporated are at
1985-1987 levels which make compliance fairly easy. The goal for the revision is slated
for 1999, which will remain to be seen.
According to Donald E. Holte, P.E., ASHRAE President,
"The (current ASHRAE 90.1) standard provides uniform minimum
standards in the U.S. for energy efficient requirements for design and
construction of new commercial buildings and high-rise residential
buildings, and has increased energy efficiency in buildings by 10% -
30%.. .Our goal is to get a major revision of Standard 90.1-1989 approved
by July 1999, then place the newly approved revision on continuous
maintenance."
Based upon review of the available information on the current and proposed ASHRAE
standards, it appears that the standards are lagging the technologies as opposed to
promoting the development of energy-efficiency. The factors attributable to this lag are
predominantly the long approval process and political pressures from the private industry.
Should the standards vastly exceed current technological levels, local political officials
will receive tremendous pressure from the private industry. In addition, such a change
may have a negative impact on the industry as a whole, further equating to a decline in
economic development. As such, it appears that the financial incentives to the private
industry (through programs described later in this chapter) will remain to be the driving
force behind the advancement of energy-efficient design.
Model Energy Code (MEC)
For residential dwelling outside of the ASHRAE 90.1 standard, the benchmark code for
energy efficiency can be found in the Council of American Building Officials (CABO)
the Model Energy Code (MEC). This code was established as a voluntary set of
standards geared towards local authorities to adopt for their building energy codes or
standards. In 1997, the maintenance and publication of this code was transferred from
the CABO to the International Code Council (ICC). Since that time, the ICC has been
meeting monthly to revise the code to further foster energy-efficient and environmentally
sensitive building technology. Once the code becomes finalized and adopted by
Congress, significant energy savings can result.
According to the various entities involved in revising the current code,
"Adoption of a widely accepted residential model energy standard could
save 500,000 megawatt-hours of energy in every year's new housing stock
- enough to power another 65,000 to 70,000 single-family homes each
year. In addition, carbon dioxide emissions could be cut by 316,600 metric
tons every year. Cumulatively, the energy savings from ten years of
housing starts could total 3.6 quads of energy over a 50-year span - which
highlights the importance of capturing energy-efficiency opportunities at
the time of construction. If Congress would require adoption of the MEC
at the state level, as well as improved code compliance and enforcement
procedures, carbon dioxide emissions could be cut by 600,000 metric tons
by the year 2000 and 3.8 million metric tons by the year 2010."
Building Codes
According to the American Council for an Energy-Efficient Economy, "adoption of
building codes, to be effective, must be supplemented with compliance and enforcement
measures, including (1) training and education for designers, builders, owners, and code
officials, (2) enforcement support, including inspections, and (3) quality assurance and
evaluation."
Building codes are cutting U.S. energy consumption substantially. By the year 2000,
improved residential and commercial building codes could cut electricity use by 14,000
gigawatt-hours reducing nationwide carbon dioxide emissions by some 8.86 million
metric tons. New homes have been built with designs that use half or less of the energy
consumed in older homes. Every year, about 1 million new houses are built in America.
Each represents a one-time opportunity: many energy efficiency designs and installations
that are easy and inexpensive to include in new dwellings are difficult or expensive to
add later as retrofits.
Since the 1970s, private engineering societies, government agencies, and code official
organizations have promulgated a number of model building codes that include energy-
efficiency standards. The Energy Policy Act of 1992 requires states to adopt commercial
building standards that meet or exceed the American Society of Heating, Refrigeration
and Air-conditioning Engineers (ASHRAE) model standard for commercial buildings.
However, states are only required to consider mandating such standards for residential
buildings. A considerable gap remains between what is possible for energy-efficient and
economical building construction and what is actually practiced.
Upon recognition of the problems with incorporating federal standards at a state level,
many states have passed legislation to expedite the development of technology that is
more stringent than federal standards. The following represent a small sample of state
actions to promote energy-efficient building design:
City of Boulder Green Points Program
The City of Boulder, Colorado has adopted regulation where a minimum amount of green
technology needs to be incorporated into a development proposal in order to receive the
necessary approvals for construction. Through the Green points program, Boulder
residents are required to earn a certain number of points for residential projects over 500
square feet in order to obtain a building permit. The green point system is described in a
24-page booklet accompanying the building permit application. Designers and
developers choose from the various design alternatives outlined in the book to both
satisfy their needs as well as obtain the required number of points.
The City has also adopted a remodeling program which is a voluntary program to
promote green technologies in remodeled housing projects and additions. The Green
Points program is only mandatory for new construction. The City of Boulder is also
considering a similar program for nonresidential construction.
Other state and local codes include:
" On June 13, 1997, the South Carolina government mandated minimum standards for
construction to the 1995 MEC, and the 1997 Standard Building Codes published by
the Southern Building Code Congress International (SBCCI) that either meet or
exceed the ASHRAE standards.
e New York State has adopted a state building and energy code, which is not based on
any federal or international standards and is more stringent than ASHRAE and MEC.
* The state of California, like New York, also has incorporated a state code (Title 24)
which is more stringent than federal and international codes due to various statewide
emission and energy-efficient goals.
* Michigan is in the process of updating their code to exceed all ASHRAE and MEC
energy-efficient criteria.
* The State of Maryland has adopted new building standards based on ASHRAE 90.1,
but much more comprehensive, resulting in 30 to 50% less energy consumption.
e The City of Lincoln, Nebraska offers density bonuses to residential developers who
provide solar access in new homes.
e The City of San Francisco, California has approved two energy-conservation retrofit
ordinances governing the redevelopment of existing buildings. The residential
ordinance was adopted in 1982 and the commercial in 1988. Ordinances are revisited
periodically as new technologies emerge.
Governmental Funded/Sponsored Programs
USEPA Energy Star and Green Light Programs
The EPA Energy Star® Buildings Program and Green Lights® Program are "voluntary,
profit-based partnerships designed to prevent pollution by improving the energy
efficiency of commercial and industrial buildings." Through sharing information on
energy-efficient design programs and building materials, the EPA has been able to reduce
overall energy costs for participating corporations. The Green Lights Program is just one
step in the Energy Star program which aims to reduce overall energy consumption for
commercial buildings and reduce greenhouse gas emissions by as much as 40%.
The Five steps in the Energy Star Program are:
1. Green Lights
2. Building Tune-Up
3. Load Reductions
4. Fan System Upgrades
5. Heating and Cooling Plant Improvements
As of January 1998 the Green Lights Program contained over 2500 participants
encompassing over 2 billion square feet of real estate, $1.4 billion saved through energy
efficiency, and 25.2 billion pounds of CO2 prevented since the conception of the
partnership. In addition, the Energy Star program consisted of 444 participants averaging
$0.33 per square foot savings equating to approximately 15% total energy savings.
The U.S. Department of Energy Building Standards and Guidelines Program
(BSGP)
The United States Department of Energy Building Standards and Guidelines Program
(BSGP) is a federal effort providing incentives for state governments to implement and
enforce more stringent energy-efficient building energy codes. Figure 4 illustrated the
participating states in the program (participating states are shaded).
Figure 4 -Participating States in BSGP
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In 1997, twenty-two projects were funded by the DOE incentive program totaling $4
million highlighted by the Rhode Island Multi-State Project. The goal of the Rhode
Island Multi-State Project is to assist the participating states to adopt a regional
residential and commercial building energy code that exceeds the 1993 MEC and
ASHRAE 90.1-89. An anticipated additional benefit of this project is to expedite the
adoption and implementation of energy-efficient code updated throughout other non-
participating states in the Northeast.
Partnership for Advancing Technologies in Housing
PATH (Partnership for Advancing Technologies in Housing) is a partnership between the
White House and the private sector to improve the quality, durability, environmental
efficiency and affordability of new and existing housing supply. One of the goals is to
reduce monthly energy costs by 20% nationwide. According to President Clinton, PATH
is the "most ambitious effort ever to help private home builders and home owners make
cost-effective, energy-saving decisions...If we achieve that goal (20% reduction in
energy costs), it means by 2010 we'll save consumers $22 billion a year in energy costs
and reduce annual carbon emissions by 24 million tons, equivalent to the amount
produced each year by 20 million cars."
The American Homebuilders Association (AHBA) has spearheaded the private effort for
PATH. However, there does not appear to be any financial incentives in place for the
developer to develop energy-efficient homes through this program. The major benefit
through innovative design is the increase in value and price as well as "free marketing"
through the PATH program. Another critical factors to make PATH successful will be
the ability to create markets and consumer demand for homes that fall under the PATH
umbrella. Therefore, local governments and communities will need to establish
education programs to communicate the quality and higher standard of PATH homes to
help provide an incentive for builders to join the program.
New York State Green Building Tax Credit
The State of New York is in the process of enacting legislation that will promote the
inclusion of energy-efficient and environmentally responsive practices in new and
redevelopment projects through the implementation of incentive-based income tax
credits. Based upon the pending legislation, income tax credits can be provided to
"persons with an economic interest" in the green building ranging from 6 to 10 percent of
the allowable costs. The allowable costs, as set forth in the proposal include construction
costs; interest paid during the construction phase; and legal, architectural, engineering
and other professional fees associated with the development which cannot exceed $250,
$150, and $200 per square foot for office, retail, and other buildings respectively.
The tax credit amount is determined by a rating system similar to the LEEDTM rating
system (discussed in later section), which needs to be certified by a New York State
Professional Engineer or Architect. This certification will need to be updated on an
annual basis for a fifteen-year period.
Tax credits may be carried over from year to year if all of the credits cannot be used in
one year and may also be assigned to successor building owners. Should the building fail
to meet the minimum criteria, the owner has 180 days to recertify and will need to submit
compliance reports on a quarterly basis for one full year. If compliance is not reached, as
much as 3 percent of the tax credits assigned to the building will be recaptured regardless
of whether the owner filed the original tax claim.
Based upon conversations with Wayne Tusa, President of Environmental Risk and Loss
Control, Inc., who also served as Chairman of the ad hoc Green Building Task Force, the
organization that rewrote the bill for New York State, "significant political lobbying will
need to be done" in order to get the bill passed. The bill was slated to be discussed at the
last Senate-Assembly meeting but was not discussed. The next regularly scheduled
meeting is scheduled for September, 1998, and may be discussed then.
Private Sector Programs
United States Green Building Council LEEDTM Green Building Rating System
The Leadership in Energy and Environmental Design (LEED) Green Building Rating
System is a priority program of the U.S. Green Building Council to rate the effectiveness
of innovative environmental technology incorporated in building design. According to
the USGBC, the LEED Program "is a voluntary, consensus-based, market-driven
building rating system based on existing proven technology that evaluates environmental
performance from a whole building perspective over a building's life cycle."
The rating body is comprised of various industry professionals ranging from product
manufacturers, governmental organizations, financing institutions, environmental groups,
designers, contractors, and developers. The purpose of the rating body is to continuously
monitor the rating criteria as new technologies develop, resolve disputes, and review and
rate LEED applications.
The rating system is composed of a pool of 44 total credits. Each credit is awarded for
the incorporation of innovative, environmentally sensitive design strategies to a building
design. The categories of the credit pools are as follows:
e Building Materials. Credits are awarded for low VOC content, local material
incorporation, resource reuse, and recycled content.
* Energy. Credits are awarded for energy efficiency for exceeding standards outlineu
in either the EPA Green Lights Program, California's Title 24 Lighting Program,
EPA/DOE Energy Star Program, and ASHRAE/IES Standard 90.1-1989 by at least
20%. Additional credits are awarded on a pro rata basis as energy efficiency is
increased. Credits are also awarded for natural ventilation, waste-heat recovery
systems, and renewable/alternative energy installations.
" Ozone Depletion/CFCs. Credits are awarded for CFC, HCFC and Halon elimination
measures.
* Water Conservation. The incorporation of water-conserving fixtures and cooling
towers, water recovery systems, biological waste treatment, and water-efficient
landscaping also will result in additional credits.
Additional credits are also awarded through infill and brownfield redevelopment
strategies, improved water quality, providing means for alternative and energy-efficient
transportation, and operations and maintenance facilities.
Based on the number of allowable credits awarded, each building application will receive
one of four ratings if it achieves LEED Green Building certification. The rating system
contains Platinum, Gold, Silver, and Bronze ratings as well as a "Green Building of the
Year."
The LEED Program is in the final stages of review and design by the US Green Building
Council. The program is slated to begin in 1999. Through conversations with William
Browning, founder of Green Development Services at Rocky Mountain Institute, there
are a significant number of projects, portions of Monsanto's corporate campus for
example, that have already been using the LEED rating system as an integral part of the
design process. The continuing efforts of voluntary programs such as LEED are clearly
illustrating the increased awareness of environmental sensitivity into the design process
as well as promote technological innovation.
CHAPTER 3: FINANCING GREEN DEVELOPMENT
A bank is a place where they lend you an umbrella in fair weather and ask for it back
when it begins to rain.
-Robert Frost
From the context of financing, green development projects appear to be similar to
conventional real estate development projects. However, there are more hurdles to
overcome if innovative techniques are incorporated into the project, especially if they
increase project costs. The major issues facing the financing of green development
projects are the unfamiliarity of lending institutions to the green concept and the lack of
comparable project information to use as a benchmark. Since this is a relatively unpaved
path for the real estate industry there is a significant amount of skepticism over the
sustainability of green development. As such, green developers are faced with the task of
educating the lending community as to the financial benefits of environmentally
responsive development. Once this task is achieved, the time associated with obtaining
the necessary financing should be greatly reduced.
This chapter will (1) describe the various financial mechanisms available to finance
environmentally responsive development projects in both the U.S. and other developed
countries, and (2) identify the major obstacles associated with financing innovative
environmental projects, and (3) discuss future trends in the lending community regarding
green development.
Financing Innovative Environmental Technology and Green Development
Given the cyclic nature of the real estate industry, financing sources for innovative
environmental projects are not unique from traditional real estate development.
Currently, strong real estate markets such as Boston and San Francisco provide numerous
sources of capital and many industry professionals feel that there may be too much
money chasing too few projects. Conversely, in areas of high vacancy, such as many
major cities throughout the US following the savings and loan debacle of the late eighties
and early nineties, capital sources for new and redevelopment projects were scarce.
Typically, financing for green projects has come from private lending institutions such as
savings and loan banks, private equity investors, pension funds, insurance companies,
and a recent surge of funds from Wall Street. However, due to their overall positive
effect on the community, environmentally responsive developments are more attractive to
local governments and many result in public-private partnership financing programs
similar to low-and affordable-housing projects. Public utilities also have provided
rebates to energy-efficient projects to help reduce the peak demand load on their
infrastructure. In addition, there are several public programs currently in the pipeline to
facilitate environmentally responsive development.
There appear to be mixed reactions throughout the real estate industry as to whether the
green component of a real estate project facilitates financing. According to Louis
Esposito from the Durst Organization, which developed Four Times Square, the lending
institution that financed the project (Bank of New York) was more interested in the
company's track record as opposed to the innovative technology and cost-saving design
features. Since the project was the first green building of that size (over 1.3 million
square feet) and included many newly developed building systems, most of the financial
savings came through reduced cost for equipment and expeditious approvals. Since the
building was fully leased prior to construction and occupancy rates are at an all time low
for New York City, it is difficult for Durst to determine whether the environmentally
friendly features assist leasing efforts.
Outside of the traditional financing sources, there are several state and federal programs
to assist financing green development projects and energy efficient programs. The
following examples represent a few federal (U.S.), state, and international financing
mechanisms unique to environmentally friendly development projects.
Energy Efficiency Mortgages (EEM)
Fannie Mae, Freddie Mac, and FHA offer energy-efficient mortgages (EEM) for homes
that provide certain energy reducing building components. EEMs allow buyers of energy
efficient homes to qualify for up to a 5% increase in the loan to value ratio (LTV) due to
their lowered monthly utility costs. Private lending institutions such as Chase Manhattan
also provide financial assistance through lower closing costs. The goal of an EEM is to
assist in the purchase of quality housing by considering the energy costs of a home in the
mortgage and loan qualifying process as a means of reducing the risk of default. The
program also provides an incentive for lending institutions to provide mortgage credit to
borrowers who would not otherwise qualify for conventional loans such as first time
buyers or those living in low income neighborhoods.
In order to qualify for an EEM, it is customary to perform a HERS (Home Energy Rating
System) Report which evaluates the home's energy efficiency design. A HERS report
needs to be prepared by a trained Energy Rater who rates various factors such as
insulation, appliance efficiencies, building envelope, local climate, and utility rates.
Rating scores are based on a scale of I to 100 with 100 being the optimal design. The
percentage increase in the LTV is based on the rating score. Table 3 illustrates the
increased buying power through an EEM with a 2% increase in debt-to-income ratio.
Table 3 - Comparative Evaluation of Buying Power Through EEM
Buyer's Total Monthly Income $3,000 $5,000
Maximum Allowable Monthly $840 $1,400
Payment (28% debt-to-income
ratio)
Maximum Mortgage at 90% of $132,900 $221,500
Appraised Home Value
For an Energy Efficient Home
Buyer's Total Monthly Income $3,000 $5,000
Maximum Allowable Monthly $900 $1,500
Payment (28% debt-to-income
ratio)
Maximum Mortgage at 90% of $142,400 $237,300
Appraised Home Value
Added Borrowing Power due $9,500 $15,800
to Energy Efficient Mortgage
Source: Energy Efficient Mortgage Homeowner Guide
State of Maine Private Green Fund
Coastal Enterprises, Inc. (CEI) provides below or at market rate financing for
environmentally friendly projects and start-up companies that are aimed at solving or
reducing environmental problems. CEI raises capital from private and public sources to
lend or invest in Maine projects that meet its stringent criteria. The fund primarily
focuses on pollution prevention projects to reduce greenhouse gas emissions. Funds
range up to $300,000 and CEI facilitates additional financing through other agencies.
Delaware Green Industries Initiative
The Delaware Green Industries Initiative provides financial incentives for existing
companies to implement green operating strategies such as waste minimization,
recycling, energy efficient upgrades. The program also orovides tax incentives and/or
financial assistance to fund green projects.
Green Funds/VAMIL (Netherlands)
Beginning in January 1995, the Netherlands incorporated a new green investment scheme
to help foster the implementation of innovative environmental technology in real estate
development. Through an initiative called Green Funds, financing is available at a lower
interest rate (about 1%) for environmentally friendly projects. This lower interest rate is
attainable due to recent legislation where private income from green investments is not
subject to income tax. Therefore, many private lending institutions are able to offer
attractive financing packages to developers who implement renewable energy sources, or
other green practices in the Netherlands.
The funds are audited by the Dutch Central Bank and at least 70% of the loan pool must
be invested in green projects. Each project must be approved by the Netherlands
Ministry of Housing and the Environment and ultimately by the Netherlands Agency for
Energy and the Environment (Novem).
Currently, three institutions have established Green Fund pools, and three more are
expected to be approved shortly. The average interest rate on the current loans has been
4% totaling. Demand has been very strong as the first loan pool originated by Robo-
Robeco containing 450 million guilders worth of notes sold in as short as ninety days.
The majority of the projects funded have been renewable energy projects, primarily wind
energy.
In addition to lower financing, green projects are also eligible for accelerated
depreciation through the implementation of equipment which is included on the national
VAMIL list. Typically, a percentage of the purchase price for equipment is deducted
from income taxes over an extended period of time (20 years). With VAMIL equipment,
the total purchase price for the equipment can be written off as early as the year of the
investment! The VAMIL list is updated annually and include equipment systems in the
areas of renewable energy such as photovoltaic power systems, active solar water heaters,
wind turbines, biomass heating systems, and geothermal heating/cooling systems.
Major Obstacles
Appraisals
One of the major obstacles to obtaining financing for innovative, green projects is the
appraisal process. Since appraisers are typically backwards-looking and heavily rely on
comparable projects to arrive at an appraised value, innovative projects are at a severe
disadvantage due to the miscommunication and/or lack of understanding between the
appraisal community and the technological community. It is very difficult for appraisers
to value innovative technology that has yet to be proven or new to a certain market area.
Given this, innovative projects are sometimes discounted and hinder financing efforts for
the developer.
Increased Costs
Although several green development projects do not require additional up front costs than
traditional development practices, some do. Given this, many financial institutions are
skeptical to the increased costs and feel it is unwarranted. Many innovative projects are
turned down because the lender is uncomfortable with the added costs and does not
understand the future savings through lower operating costs as compared to traditional
development.
Results May Vary
Lenders and appraisers like predictable projects. Many energy-efficient upgrades have
mixed results, which disturbs the lending community. Even if lenders and appraisers are
able to find comparable projects (namely, same geographical area, same energy-saving
components, etc.), energy savings through a retrofit or new project may not be similar to
a similar project due to varying operating procedures, building type, etc. As such, many
innovative design features are overlooked in favor of market conditions, financial
strength of the borrower, and track record.
Deregulation of the Utility Industry
From an energy-efficient building upgrade perspective, the pending deregulation and
restructuring of the utility industry has had severe negative impacts. What was once a
viable source of energy efficiency financing, public and private utility investment in this
program is rapidly declining. In 1995, utility investment in energy-efficient upgrades
peaked at approximately $2.9 billion. Investment has declined between five and ten
percent for the following years and is expected to continue. This decline is mainly
attributable to the pending deregulation and restructuring of the US utility industry. In an
effort to offset this decline, a shift toward Performance Service Contracts (discussed later
in this chapter) has resulted in private energy companies to finance energy-efficient
projects.
Future Trends in Financing Strategies
Secondary Market for Energy Efficiency
As Wall Street seemed to save the nation from the savings and loan debacle by pooling
mortgages and selling them on the public markets to reduce risk, the same scheme may
result from energy efficient upgrades. Since energy upgrades for existing buildings are
fairly inconsistent, the need for a national standard pertaining to energy savings was
apparent. In response to this need, a conglomeration of public energy offices and utilities
developed the North American Energy Measurement and Verification Protocol.
The purpose of the protocol is to standardize energy savings so that any organization
albeit a school, corporation, hospital, or governmental organization, will be able to sell a
stream of energy savings from an upgrade and recoop a considerable amount of its
investment. This stream of cash flows is very similar to the secondary mortgage market
where a large pool of loans, say $50 million, can reduce the overall default rate to 1-2% ,
and allow the lender to split up the cash flows and sell them to a secondary market.
In addition to the benefits of a secondary market for energy efficiency to Wall Street,
utilities will also benefit by being able to take uncollateralized assets off their balance
sheets. In addition, a secondary market will enable utilities to invest a significant amount
in energy efficiency without tying up large sums of money.
According to Gregory Kats, Assistant Secretary for policy at the US DOE,
"The particularly compelling thing about energy efficiency is that in the
public and commercial sectors alone there is about $135 billion worth of
efficiency investments with internal rates of return on the order of 20-
25%. The fact that those investments are not being made is one of the
largest market failures of our economy."
Location Efficient Mortgages
A financing strategy similar to the EEM, where a homeowner is perceived to have extra
income for mortgage payments is the Location Efficient Mortgage (LEM). A study
performed by the National Resource Defense Council (NRDC) has found that
homeowners who live closer to where they work, in this particular example, the San
Francisco Bay Area, save $350 to $450 per month. Most economists feel that this
savings should result in an increase in rent due to the luxury of living in the CBD.
However, the study has concluded that residents are able to save money simply by their
location.
As a result of this study, the Surface Transportation Policy Project, the Center for
Neighborhood Technology, and NRDC are developing a model to equate dollar savings
to residential location. It is believed that the results of this study will assist Fannie Mae
in developing an LEM program where homeowners will be able to increase the loan-to-
income ratio based on home location.
Build Operate Transfer
"Build-Operate-Transfer" schemes are currently being explored by Central and Eastern
European countries by virtue of public-private partnerships to help facilitate financing
large environmental projects. Commercial banks are becoming more active but not at the
level of those in western countries. Many public projects are funded through the
''polluter pays principle" and this principle is becoming increasingly apparent throughout
CEE countries.
Performance-Based Contracting or Energy Performance Service Contracts
Another trend in financing energy-efficient building upgrades that is receiving
considerable attention is energy performance service contracts. Under this financing
scheme, an energy service company (such as a Johnson Controls, Inc., Honeywell Inc.,
and Energy Performance Services, Inc.) provides the necessary capital for the
improvement and perform the energy efficient upgrade. Upon completion of the upgrade,
the energy savings are divided up in a subordinated level to first pay off the debt, pay the
energy contractor, and the remainder goes to the borrower.
One of the major advantages of Performance Based Contracting is that it can be taken at
no upfront cost to the building owner and is paid off through the energy savings. In
addition, the equipment asset and debt do not appear on the company's balance sheet.
The financing relies very slightly on the financial strength of the "borrower" but moreso
on the saving potential of the energy efficient design.
In order for a performance based contract to be feasible, the potential energy savings
must be substantial. According to the USEPA, performance contracts are usually
arranged for buildings with annual energy costs in excess of $150,000.
Operating Lease
A classic example of this financing arrangement is the Continental Office Plaza,
developed by Prime Realty Trust in Chicago. According to Kevork Derderian, Prime
Realty Trust, most existing office lease structures contain a clause where any
improvements to a tenant's space by the owner are recoverable through an operating
expense of the building. Taking advantage of this clause, Derderian financed energy
improvements for an existing office building by an outside lender through an operating
lease of the new energy efficient equipment. By virtue of the operating lease, the annual
energy savings serve as payment to the lender thus creating an operating expense as
opposed to a capital expense. In this particular case, the operating lease was for a period
of seven years at which point the building owner could buy back at 10%. Since the
improvements were $500,000, Derderian paid $50,000 up front and financed the
remaining portion. During that seven year period, the tenants receives a slightly reduced
operating expense and after seven years, an even greater reduction in operating expenses.
Given this, Derderian was able to increase slightly the base rent, resulting in a higher
NOI and ultimately increase the value of the building.
Conclusion
At first glance, there appears to be significant room for improvement in financing
innovative environmental projects. There has been significant progress in building
rehabilitation through EEMs, Performance Based Contracts and Operating Leases.
However, with respect to new development, the appraisal and lending communities have
yet to be convinced of the financial benefits of green de;ign. As more and more projects
are built, this attitude may change and new financing mechanisms may emerge. Until
that time, green developers will need to continue to seek financing through traditional
lending sources.
CHAPTER 4: CASE STUDY ANALYSIS
There are three kinds of lies: lies, damned lies, and statistics.
-Mark Twain
In an effort to determine the financial effects of green development projects, over 100
case studies encompassing various sectors of real estate were analyzed with respect to
construction cost, total square footage, innovative environmental design features and
operating costs. Additional benefits such as increased worker productivity due to
improved air quality and lighting were also analyzed where information was available.
Using the traditional appraisal method of building valuation by capitalizing net operating
income (NOI), the implementation of innovative green design components can have a
significant effect on asset value. Building owners may also be able to capitalize on the
benefits of increased productivity through performance leases as discussed in later
sections of this chapter. Many industry professionals feel that increased worker
productivity is the major financial benefit of healthy buildings since the cost per
employee is significantly higher (approximately $1 10/sf) than operating costs. The major
obstacle in capitalizing this phenomenon is measuring productivity in non-quantitative
settings such as the office market. However, by gaining control over the various
endogenous components in NOI, building value can be maximized, and a competitive
advantage may be achieved.
This chapter will describe, through actual data, how asset value can be increased through
implementing innovative environmental technology, in some cases, at no additional cost
to the building owner. Over 100 case studies were analyzed throughout the world in the
hotel and resort; residential; office; mixed use; and industrial sectors where annual
operating costs were reduced and worker productivity increased through innovative
design features. Based on these savings, the positive change in NOI was capitalized to
result in a revised building valuation. Results were tallied to determine the potential
valuation increases for each aforementioned product type.
Methodology
Information was gathered for each innovative environmental development project to
determine the project date, construction cost, total square footage, and annual energy
savings. To minimize the effect of inflation on the energy savings results, each of the
nominal figures were adjusted by the CPI index. The energy savings data was obtained
from project architects, developers, building owners and occupants. The savings figures
were derived from (1) comparing the project to a similar building that does not
incorporate energy efficient design components, perhaps a tenants previous space; (2)
actual savings calculated as a result of an energy efficient upgrade; or (3) building
performance as compared to an industry standard such as ASHRAE or MEC.
Based upon the energy saving figures, the positive effect on NOI was capitalized to result
in the change in building valuation. A 10% capitalization rate was chosen to serve as an
industry standard and appeared to be the rate many appraisers were using in building
valuation across the country. International projects were also capitalized at 10% to
illustrate the effects of foreign technology in the U.S. real estate market. There were
several cases where asset valuation was monitored, either through recent sales or
appraisals. These cases were also entered and the capitalization rate incorporated into the
increased value was calculated and compared to the 10% rate used for the other projects.
The energy savings and asset value calculations described below are to demonstrate the
potential increase in asset value due to the implementation of innovative, environmental
technology. Since most of the buildings described have not been appraised or sold upon
the completion of energy retrofits or new construction, an actual building valuation was
not obtainable. However, by using traditional appraisal techniques, an educated estimate
can be achieved.
Analysis
Residential
Twenty residential were projects were analyzed which utilized renewable energy sources
or incorporated resource efficient building materials that reduced annual utility bills.
Larger residential development projects such as the Village Homes project and Tamarak
Point which monitored lot prices were also analyzed to compare increased land value due
to larger open space areas, environmentally friendly wastewater treatment systems, and
energy-efficient utilities. In these examples, lot prices were significantly higher than
comparable projects in the same area due to the various energy-saving features as well as
the fact that consumers are becoming more aware of the environmental issues and are
willing to pay a premium for cost-cutting design features and open space.
Since Village Homes was one of the first green projects ever built, data was available to
track appreciation through resale figures and compared to other homes in the area that did
not incorporate environmentally sensitive design features. According to Village Homes,
house prices have been valued approximately $17.50 per foot higher than conventional
homes. This large figure was mainly due the uniqueness of the project and sensitivity to
the environment as opposed to solely energy savings. Village homes represents a project
where consumers were willing to pay a premium for additional greenspace, pedestrian-
friendly design, narrow streets, and edible landscaping. Although the homes included
many energy efficient design components such as active and passive solar features, the
added value from the exterior design far exceeded the value gained from the structural
and energy efficient design of the homes.
A similar residential project that resulted in increase in value due to environmental
sensitivity was Laguna West in Elk Grove, California, just outside of Sacramento. The
design goals for the project were to address the suburban sprawl in California as well as
smog issues associated with increased automotive transport. The result was a pedestrian
friendly, transit related development with minimal traffic impacts and reduced air
pollution. Consumers responded to this design and appraisers valued the lots for 2,000
square foot units $30,000 higher than comparable lots.
When compared to Village Homes and Laguna West, the remaining residential case
studies contain quantifiable energy saving figures, however, the other exterior design
components are difficult to value. Therefore, when observing solely energy saving
numbers in a residential setting, the potential increase in value is somewhat conservative.
For example, the $17.50 per square foot value for Village Homes would equate to $1.75
in energy savings per year if capitalized at 10%. However, of the 20 residential cases, the
Rocky Mountain Institute, one of the most energy efficient structures built today, only
saves approximately $1.50 per year. In any event, it is safe to conclude that Village
Homes assets have increased due to the implementation of innovative environmental
technology.
The remaining residential projects were analyzed and the results are summarized in Table
4. Potential asset value increases ranged from $0.41 to $17.50 per square foot. Based
upon these results, the average 2,500 sf home can increase in value ':y approximately
$15,875 by implementing energy efficient design features. Many appraisals may not
value the energy efficient components as high, if there are currently a significant number
of energy efficient homes in the area using the same design in which case the energy
efficient components would be viewed as the market standard.
Table 4 - Residential Case Study Financial Results
Average Annual Energy Average Potential Increased Asset Value due to Innovative
Savings Design Features
per square foot per square foot
$0.48 $6.46
There is evidence of added value through energy efficiency in the form of higher rents at
2211 West Fourth Street, a mixed use project in British Columbia, Canada. The
residential component of this project was able to achieve higher value due to the lower
operating costs. According to the developer, Harold Kalke, the 78 condominium units
have sold higher on a square footage basis than neighboring condominiums.
Other new residential case studies were explored but could not be included in the model
due to a lack of comparable projects to arrive at an added value figure. For example,
Dewees Island, off the coast of South Carolina is a car free, boat access island, with many
energy and resource efficient design components. Since this project is the first of its
kind, the project developer, John Knott, was unable to provide accurate information as to
how lot prices in his development compared to other projects. He did mention that house
prices on Dewees Island are significantly higher than other boat access islands in So'uth
Carolina. However, an accurate determination of an added value component was
unachievable.
Office
Twenty-five office cases were analyzed which incorporated alternative energy systems,
innovative building operating systems, and/or efficient lighting systems. Increases in
NOI as a result of the innovative design were capitalized at 10% to arrive at an increase
in asset value.
Prime Group Realty Trust, a publicly held REIT based in Chicago, Illinois, was able to
capture an increase in asset value due to an energy efficient upgrade to an existing office
building. The financial arrangement for the energy upgrade was through an operating
lease described in Chapter 3. Given this, the initial capital investment was greatly
reduced. The annual energy savings for the building of $107,555 were capitalized at 10%
by the appraisal and the building value was increased by over $1 million at an initial
investment of $50,000. This is a unique example of a REIT paying particular attention to
energy efficiency, and an appraiser taking energy savings into account for building
valuation.
Based on numerous interviews with green developers, an additional added component
through environmentally friendly design is reduced leasing time which also has
significant financial implications, but very difficult to calculate. Therefore, the savings
and added value figures in Table 5 are lower than actual. The added value figures for this
sector ranged from $3.33 to $48.33 per square foot.
Table 5 - Office Case Study Financial Results
Average Annual Energy Average Increased Asset Value due to Innovative Design
Savings Features
per square foot Per square foot
$1.03 $10.32
Given the tremendous performance of the ING Building in South Amsterdam, resulting
in a theoretical increase in value of $48/sf, near the cost of new construction, the average
for the office sector results may be somewhat optimistic. Without including the ING
Building, the remaining projects result in an average increased valuation potential of
$8.49.
Added Value Through Increased Productivity
Numerous studies relating green design and worker productivity have been performed
and all conclude that a more comfortable working environment reduces absenteeism and
improves productivity. The most noteworthy study was performed by the Rocky
Mountain Institute and the U.S. Department of Energy entitled Greening the Building and
the Bottom Line which identified eight projects where productivity increased by six to
16%.
This relationship provides an opportunity for a building owner to capture additional value
from the innovative building design features. As more studies are completed and
building owners and tenants become more educated as to the correlation between
building quality and worker productivity, a new lease structure and/or financing
mechanism will most likely emerge to take advantage of this relationship. One potential
mechanism is the performance lease. This lease structure will be similar to a pass
through utility lease arrangement between owner and tenant. Productivity levels up to a
certain cap will solely benefit the tenant and then shared between the owner and the
tenant on a percentage basis in excess of the cap. A third party will need to measure
productivity levels or other measurement mechanisms agreed upon by owner and tenant
to minimize potential conflicts of interest.
This lease structure will give the owner the opportunity to capitalize on owning an
environmentally friendly energy efficient building. The risk of financial distress is
reduced due to the energy savings. Additionally, there is an alignment of interests
between the owner and tenant, in that the owner will attempt to facilitate production
through state-of-the-art communication systems and other amenities. As a result, NOI
will be maximized and can result in significant increases in building valuation. The
following example is an attempt to quantify the effects of a new leasing arrangement on
asset value.
Example
100,000 sf office building
1 tenant
Average annual base rent = $20/sf
Performance lease = 50% of productivity increase over 10%
Original NOI (excluding other variables) = $2 million
Original Asset Value = $20 million
Original Production of tenant = 700% of rent payment = $14 million
Assume 15% increase in worker productivity
New Production of tenant = $16.1 million
Additional payment to owner = .5(2.1 million - 1.4 million) = $350,000
New NOI = $2.35 million
New Asset Value = $23.5 million
Percent increase in value due to performance lease = 17.5%
Note that this is a figurative example. It is solely the author's way to demonstrate how a
building owner can increase value through refining the current lease structure.
Another approach to determine the effects of increased productivity is a financing
strategy being considered by facilities staff at the Monsanto campus in St. Louis,
Missouri. By taking into account increased productivity in the pro forma, the additional
capital invested in energy improvements can be estimated. Assuming a conservative 1%
increase in worker productivity, and the cost of workers salaries is approximately $130
per square foot, the benefits of increased productivity would be $1.30 per square foot.
Given Monsanto's cost of capital (14%), they should be willing to invest approximately
$6.78 per square foot per year, assuming a ten year lifespan of the energy efficient
equipment. Based on this analysis, Monsanto would be comfortable with investing $6.00
per square foot for environmental upgrades. When capitalized at 10%, this results in an
initial investment of approximately $60/sf! From this example, a 1% increase in worker
productivity for a ten year timeframe may result in financial benefits that can feasibly pay
for new construction costs alone.
Hotel and Resorts
As evidenced by the rehabilitation of the Boston Park Plaza Hotel, energy efficiency and
environmental improvements can vastly improve the bottom line, as much as $26 per
square foot! This increase in asset value is highly correlated to the energy efficient
upgrade since the sale of the hotel was through parties that were both involved with the
retrofit. In addition, since the sale was commenced during the downturn of the Boston
real estate market, the effects of exogenous variables on the sales price were minimal.
Since the estimated energy savings for the hotel at the time of the sale were $175,000, an
implied cap rate of 8.75% was used to value the energy savings.
In response to the results of the Boston Park Plaza rehabilitation project, and the
tremendous media coverage of the environmentally sensitive rehabilitation of the Vista
Hotel in New York City after the World Trade Center bombing, there has been increased
activity in environmentally friendly and energy efficient hotel design. According to
Chris Balfe, from HVS Consultants,' there has been a significant increase in ECOTELT M
applications since 1994.
The remaining eleven hotel and resort case studies were analyzed with respect to energy
saving building envelope and system designs and waste management practices to
significantly reduce annual operating costs. The results ranged from $0.69 to $26.67 per
square foot. The smaller number of cases is due to the reluctance of hotel operators to
provide financial information.
Table 6 - Hotel/Resort Case Study Financial Results
Average Annual Energy Average Potential Increased Asset Value due to Innovative
Savings Design Features
Per square foot Per square foot
$0.51 $5.36
As evidenced by the remaining case studies, the Boston Park Plaza upgrade was a
tremendous financial success. Even if the energy savings for the other hotel projects
were capped at 8%, they would only result in an increase in value of $6.64 per square
foot. It is conceivable that there have been other retrofits that have performed to the
magnitude of Boston Park Plaza, however, given the increased competition in the hotel
industry, the information is not disclosed. This may be a competitive advantage many
hoteliers have recognized, and will continue to quietly implement these strategies to keep
their rates competitive and maximize profits.
IHVS Consultants determine ECOTELTM status for hotels and resorts.
Institutional
Since many institutions house environmentally conscious employees and industry
leaders, there has been significant progress in this sector. In addition, institutions
typically are eligible candidates for publicly funded and/or sponsored programs spurring
innovative projects. Several of this country's leading institutions have been constructed
in the early 1900s making them likely candidates for energy efficient upgrades.
Although institutions are privately held and do not provide opportunities for real estate
development professionals, there are many similarities between this asset type and the
office sector product. The various performance based contracts described earlier may
also provide some opportunity for energy efficient turnkey and/or design build operations
in this sector. In addition, there is a trend towards the campus style office park which
mimics the institutional setting. The Research Triangle Park in North Carolina is a good
example of a campus style office park.
Table 7 - Institutional Case Study Financial Results
Average Annual Energy Average Potential Increased Asset Value due to Innovative
Savings Design Features
Per square foot Per square foot
$0.65 $6.45
The added value component in the institutional sector is slightly lower than the office
sector, ranging from $1.21 to $16.33, which may reflect the differing operating
procedures, since the asset types are fairly similar. Many of the technologies
incorporated into institutional energy upgrades can be applied to office buildings. It is
safe to predict that the natural ventilation technologies incorporated at DeMontfort
University in England may eventually be applied to the U.S. office market.
Retail
The WalMart demonstration project in Lawrence, Kansas is a classic example of how
environmentally friendly building design and natural daylighting can increase sales.
During construction, there were various overruns and Wal-Mart needed to cut costs.
Therefore, midway through the project, the design team decided to install skylights on
only half of the building. Once the building was up and running, the cash registers were
connected to Wal-Mart's just in time inventory system, where each cash register
throughout the country is tracked at their home office in Betonville, Arkansas. One
interesting result Wal-Mart was able to notice through their system was that the sales
pressure in the naturally lit portions of the store was significantly higher than the other
departments.
Another retail company which incorporated environmentally friendly design into their
store design is a major U.S. greeting card company. Through sensitive lighting and air
quality design, the company has realized substantial increases in sales and has adopted
these standards into all of their stores. Since the company performs all real estate and
construction operations in house, information is secured within the organization to
prevent competitors from obtaining the prototype design.
Based on the above, the percentage rent lease arrangement, currently dominated by the
retail sector, should further promote energy efficient building design for large owners of
retail space. Owner operated, and build-to-suit projects also should incorporate energy
efficiency since the retailer has control over the design and will obviously want to
maximize profits, even if construction costs are slightly higher.
The incorporation of natural daylighting and environmentally friendly design will not
increase sales in all situations. It will not solve problems of faltering retail companies in
a poor real estate market either. What it provides is a cleaner, improved shopping
environment which has a slight psychological effect on the consumer. In many cases, it
does improve sales, and ultimately, asset value.
Eight other retail cases were analyzed which incorporated natural daylighting, air quality
improvements and other energy efficient upgrades in an effort to improve sales and
consumer comfort.
Table 8 - Retail Case Study Financial Results
Average Annual Energy Average Potential Increased Asset Value due to Innovative
Savings Design Features
Per square foot Per square foot
$0.60 $6.01
Many of the same problems arise in the retail sector as with the hotel sector when
attempting to obtain financial information that may reveal one's competitive advantage.
However, the results show that a design which pays close attention to environmental
impacts can result in an increase in value. The added value potential for the retail
projects ranged from $0.15 to $1.33 per square foot.
A specific niche market in this sector would be build to suit projects where fees may be
arranged on a performance basis, similar to the performance lease arrangement described
earlier. This would be yet another way real estate professionals can capitalize from
implementing environmental technology into development projects.
Industrial
The industrial sector is probably the sector that will be most affected by increased
productivity. As evidenced by the Reno, Nevada Main Post Office lighting upgrade (See
case study profile section), improved worker conditions through energy-efficient and
environmentally friendly building design features increase worker productivity.
A second example of increased productivity in the industrial sector is the new
manufacturing and office headquarters for Prince Street Technologies in Catersville,
Georgia. Prince Street, an Interface company, specializes in textiles and carpeting
materials and is a leading manufacturer of high-fashion broadloom carpet for commercial
interiors. In 1995, Prince Street had grown to a point where their current facility was
undersized and needed to build a new plant. At this time, Interface CEO Ray Anderson
had initiated a new environmental awareness to the corporation and environmental
technology and energy efficiency was a focus for the new facility. In addition to a
reduction in energy consumption per square foot, the number of worker lost time
accidents was significantly reduced. In 1995, at the old facility, the number of lost time
accidents was 24; in 1996 this number was reduced to 2 and I by 1997. Since most of the
equipment was moved from the old plant to the new facility, and the overall operations
and employees remained unchanged, this reduction in accidents is directly related to the
improved working conditions at the new plant.
From a financial perspective, however, it is difficult to equate worker productivity to
increased asset value for the industrial sector since space is usually owned by the
occupant, and in many cases the design is specialized for one specific type of operation.
However, by reducing overall operating costs and providing a cleaner, a healthier
working environment through building design will result in an increase in value.
Twelve case studies were analyzed in the industrial sector to determine the annual cost
savings and productivity benefits through innovative design features. The results are
included in Table 9.
Table 9 - Industrial Case Study Financial Results
Average Annual Energy Average Potential Increased Asset Value due to Innovative
Savings Design Features
Per square foot Per square foot
$0.70 $9.22
Findings and Conclusion
Based on the actual energy saving figures from over 100 case studies, there is a
significant added value opportunity for building owners and operators. According to
Figure 1, the office sector contains the highest potential for increased valuation, followed
by the industrial sector. This is an interesting result since these two sectors are primarily
valued on an NOI basis. The residential sector, as evidenced by Village Homes and
Laguna West, is valued upon many additional externalities such as pedestrian
accessibility, and increased greenspace. The retail and hotel sectors are governed by
sales and a small number of companies are willing to disclose information pertaining to
increased sales and productivity. As such, information in these sectors may be higher
than observed. The institutional sector contains a wide variety of building types and
varying operating procedures may skew results. In addition, institutional buildings are
rarely valued on NOI.
Figure 5 - Potential Increase in Asset Value by Product Type
Added Value Potential by Real Estate Sector
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Since the general appraisal and lending communities are not educated enough in the field
of energy efficiency, the appraised building value may be significantly lower than actual.
Appraisers are capitalizing NOI to arrive at building values, however, energy savings do
not appear to be fully valued. Given this, there lies tremendous opportunities for real
estate developers to capitalize on this asymmetric information which can result in
significant arbitrage opportunities. There are few real estate investment trust (REITs)
that are purchasing buildings for energy saving potential, which can be one of the largest
mistakes ever made in the public real estate industry. As stated earlier, several billions of
dollars can be saved on an annual basis through energy efficient upgrades. This would
result in significant building valuation increases should a REIT explore this opportunity.
The few that are doing it now, are going to be better positioned in a downturn in the real
estate market, as well as utility price increases due to lower operating costs which can be
passed on to tenants. This will result in a significant competitive advantage and will be
evident by occupancy rates and NOI.
Furthermore, there is a trend towards environmental sensitive building design and
reduced emissions, led by federal local incentive programs. This may result in further
savings through subsidies and tax credits, lowering a firm's weighted average cost of
capital (WACC) and further increasing NOI and ultimately building valuation. Public
approval timeframes and leasing efforts may be reduced due to environmental sensitivity
and further reduce development costs. According to Doug Linde, Boston Properties,
leasing risk is the highest risk taken on any development project, and any efforts to
reduce that risk should be seriously considered.
In conclusion, data supports the hypothesis that innovative environmental design features
can result in an increase in asset value by reducing operating costs and increasing NOI.
Until appraisers and lenders fully realize this concept, there is a tremendous opportunity
for visionary real estate companies. By reducing development risk, lessening approval
timeframes, reducing operating costs, improving the environment, increasing worker
productivity, and increasing asset value, the benefits of implementing innovative,
environmental technology may result in a new approach to real estate development. The
positive relationship between the environment and economics is becoming more apparent
and may give many differing opinions as to the "green" in green development.
CASE STUDY PROFILES
Project Name: Prairie Crossing
Location: Grayslake, Illinois
Date Completed: 1998 for last phase. Future plans for commercial (33 acres) and limited
industrial (42 acres) adjacent to the development.
Project Size:
Site (gross land area): 667 acres
Building (gross building area): 207 acres
Project Description: Residential. A new community of 317 single-family subdivision
outside of Chicago. Open space and 150 acres of farmland.
Site Acquisition Costs: $5.2 million
Cost of Each House: $194,000-$409,000
Innovative Environmental Technology: Innovative planning techniques including
clustering, large open spaces, lower density (20% allowable) and neotraditional
neighborhoods. Restoration of native habitats and historic buildings on site. Design
incorporated the existing hedgerows, wetlands, and terrain. Community organic garden to
promote sustainability. Building envelope design features include superinsulation, low-
VOC materials, built-in recycling bins, and energy-efficient appliances and lighting,.
Trails for walkers, bikers, and horseback riders (as well as mass transit rail systern
adjacent to site) to reduce vehicular traffic and GHG emissions.
Results: Energy consumption for heating and cooling homes is reduced by 50%
compared to conventional new home construction in adjacent areas surrounding Chicago.
However, the local power company charges a higher rate as energy consumption is
reduces. Therefore, the financial savings are significantly less than 50%, resulting in
approximately $15,000/yr per home. According to Dave Richmond, Prairie Crossing,
homes are selling for approximately $ 1/sf higher due to the environmentally friendly
design for no increase in construction costs.
Source: Dave Richmond, Prairie Crossing and Rocky Mountain Institute
Project Name: Village Homes
Location: Davis, California
Date Completed: 1981
Project Size:
Site (gross land area): 70 acres
Building (gross building area): 32 acres
Project Description: Residential. Planned community of single family detached homes
and apartments (240 units); 12 acres of greenbelts and open space; 12 acres of common
agricultural land; office, and 4,000 SF of commercial office space.
Project Costs: $2.8 million
Innovative Environmental Technology: One of closest built out sustainable residential
developments. Homes were platted to ensure active and passive solar access. Natural
drainage systems were designed based on Ian McHarg's model. Pedestrian friendly
transportation design with bike paths and narrow streets. Edible landscaping and organic
agriculture.
Results: In 1995, homes sold for $10-$25 per SF over standard homes in the area.
According to developer, homes have a low turn-over and sell faster. Very low crime rate
in neighborhood which can potentially increase property values as a result of
environmentally responsive development. Ambient air temperature lowered by 150 by
reducing paving. Surface drainage system saved approximately $800 per lot, which was
applied towards additional landscaping to add value. By 1989, much of Village Home's
residential food was produced in the neighborhood. Annual household bills range from
1/2 to 1/3 less than surrounding neighborhoods. Average number of cars per household is
lower than surrounding Davis neighborhoods.
Source: Judy Corbett, Village Homes and Rocky Mountain Institute
Project Name: Boston Park Plaza
Location: Boston, Massachusetts
Date Completed: 1994
Project Size: 75,000 SF
Project Description: Hotel/Resort. Renovation of a 977 room hotel built in 1926.
Total Costs: $1.8 million
Innovative Environmental Technology: Environmentally conscious operations.
Initiated 125 hotel-wide initiatives. Energy-efficient lighting. Water-efficient
showerheads. Comprehensive recycling program. Installed 1,642 tighter, operable
thermopane windows. Upgraded insulation. Installed a $90,000 water filtration system
allowing hotel to recycle 2/3 of its wash water and retain most of its heat.
Results: Water consumption was reduced by 65%, saving $45,000 annually. Each
retrofitted room saves $75 annually. $130,000 saved each year in energy savings.
Received the President's Environment and Conservation Challenge Award.
Source: Rocky Mountain Institute
Project Name: Herman Miller SQA
Location: Zeeland, Michigan
Date Completed: 1995
Project Size:
Building (gross building area): 290,000 SF
Project Description: Industrial. Warehouse, manufacturing plant, and offices for 720
workers over three shifts.
Project Cost: $13.92 million
Innovative Environmental Technologies: Site sensitivity in building placement to
maximize solar gain in orientation. Passive solar heating and natural ventilation. High
efficiency electric lights controlled with electronic sensors to reduce energy consumption
when there is no demand. Designed for zero off-gassing materials. Used natural drainage,
indigenous plantings, and constructed wetlands to emulsify pollutants. Designated
recycling areas.
Results: Natural gas costs have decreased 7%, water and sewer costs have decreased
65%, and electric costs have decreased 18% as compared to the old building.
Manufacturing operations resulted in 85% of recycled waste.
Source: McDonough Associates and Rocky Mountain Institute
Project Name: VeriFone Worldwide Distribution Center
Location: Costa Mesa, California
Date Completed: 1993
Project Size: 76,000 SF
Project Description: Industrial. Offices and worldwide distribution center.
Total Project Cost: $3.2 million ($1.2 M for HVAC)
Innovative Environmental Technology: Redevelopment of concrete building. Whole-
systems design approach resulting in maximized utilization of daylighting strategies,
energy-efficient lighting fixtures, high-performance glazing, and double-filtered air
supply. Non-toxic and recycled building materials utilized throughout construction
(office furniture that did not contain formaldehyde or outgassing chemicals, VOCs or
endangered-species woods). 300% of air-exchanges as a typical office. Used 60% more
insulation than that used in a standard building.
Results: Reduced utility costs by $84,360 using 50% of the energy required for the
adjacent building. Productivity increases-absenteeism dropped from 14.3 hours to 7.5
hours.
Source: Rocky Mountain Institute
Project Name: Galt House East Hotel
Location: Louisville, KY
Date Completed: 1984
Project Size: 750,000 SF
Project Description: Mixed Use. HVAC upgrade to a geothermal system for a mixed
use development consisting of a 600 room hotel, 100 apartment units, and public area.
Innovative Environmental Technology: Innovative geothermal heating/cooling system.
Ground water pumped into 140,000 gallon reservoir to circulate through plate/frame heat
exchangers. Ground water supply serves as a constant energy source to either heat/cool
loop circulation system.
Results: Utility costs reduced by $272,702/year. Reduction in power consumption
significantly lowered CO2 emissions by as much as 1,870,000 pounds per year.
Source: International Ground Source Heat Pump Association
*note: in Canadian $
Project Name: C.K. Choi Building for the Institute of Asian Research
Location: Vancouver, Canada
Date Completed: 1996
Project Size: 30,000 SF
Project Description: Institutional. Research offices with seminar spaces.
Total Project Costs: $5.9 million
Innovative Environmental Technology: Composting toilets and urinals. Subsurface,
waste water recycling system to cleanse waste water and irrigate site. 50% of wood
recycled from demolition of campus building. Daylighting and natural ventilation.
Results: Electrical savings of 191,603 kWh saving $15,000 per year. Water savings of
1,000-1,500 gallons per day to further increase resource and energy consumption.
Source: Rocky Mountain Institute
*note: in Canadian $
Project Name: The University of Victoria Engineering Laboratory Wing
Location: Victoria, Canada
Date Completed: 1996
Project Size: 127,800 SF
Project Description: Institutional. Four story educational facility for electrical
engineering
Total Costs: $19.3 million
Innovative Environmental Technology: Super insulated building envelope. Eliminated
perimeter heating and air conditioning systems. Passive solar features such as heavy
concrete structure for thermal capacity, lightshelves, shading devices and high
performance glazings. Motion sensors, and sophisticated lighting and ventilation controls
throughout the building to minimize energy usage.
Results: Save 723,095 kWh per year resulting in a reduction in operating costs of
$36,150.
Source: Rocky Mountain Institute
Project Name: The Way Station
Location: Frederick, Maryland
Date Completed: 1991
Project Size: 30,000 SF
Project Description: Institutional. Non-profit mental health facility.
Total Costs: $5.5 million
Innovative Environmental Technology: Whole-systems design with heavy focus on
energy and water efficiency. Innovative daylighting schemes. Greenhouse provides a
thermal mass for storing heat. High-efficiency lighting. Used non-toxic materials and
products for construction and maintenance.
Results: Savings of $37,655 per year in energy costs. 75% less energy for lighting than a
conventional facility.
Source: Rocky Mountain Institute
Project Name: American Association for the Advancement of Science Building (AAAS)
Location: Washington, D.C.
Date Completed: 1996
Project Size: 260,000 SF
Project Description: Commercial/Office. Twelve story office building
Total Costs: $62 million
Innovative Environmental Technology: Innovative environmentally sensitive HVAC
system containing non-polluting gas-fired absorption chillers and construction materials
to eliminate all CFCs and HCFCs. Attention to IAQ through appropriate materials
selection and good ventilation-25% more outside air than conventional partly due to
operable windows to improve worker comfort and reduce load on HVAC system.
"Intelligent elevator system" resulted in more efficient use of space and energy as
compared to typical elevator systems, maximizing usable floor space.
Results: Reduced BTU per SF from 183,000 to 90,000. $150,000-200,000 energy
savings per year. 50% reduction in GHG emissions.
Source: Rocky Mountain Institute
Project Name: Audubon House
Location: New York, New York
Date Completed: 1992
Project Size: 98,000 SF
Project Description: Office. Renovation of 100-year-old Schermerhorn building for the
National Audubon Society's (NAS) occupies 5 of the eight floors.
Project Costs: $24 million
Innovative Environmental Technology: HVAC system includes significant level of
natural air ventilation-30% more outdoor air delivered to occupants. Decreased need for
artificial lighting through innovative natural daylighting strategies. Internal recycling
center to minimize waste and reduce operating costs..
Results: Saves $100,000 per year in operating costs. Overall energy consumption cut by
over 60%. Cut electric lighting needs by 75% resulting in a $60,000 annual savings.
Environmental design allowed developer to receive rebates of $72,000 from Con Edison
for air-conditioning; $7,280 for high-efficiency motors; $30,895 for high-performance
lighting.
Source: Rocky Mountain Institute
*note: in Canadian $
Project Name: Crestwood Corporate Centre Building #8
Location: Richmond, British Columbia, Canada
Date Completed: 1996
Project Size: 84,000 SF
Project Description: Office. Corporate office building part of the Bentall Crestwood
Corporate Centre, a campus-style business park.
Total Costs: $5.2 million
Innovative Environmental Technology: Enhanced indoor air quality through 50%
more air exchanges. Energy-efficient windows with good visible light transmittance and
lighting to allow 60% of the building to be glazed while achieving twice the energy
performance of adjacent buildings.
Results: Whole-systems design process resulted in energy savings of $33,413 per year.
Source: Gordon Shymko and Theresa Coadey
Project Name: International Netherlands Group (ING) Bank
Location: Southeast Amsterdam, the Netherlands
Date Completed: 1996
Project Size: 538,000 SF
Project Description: Formerly the Nederlandsche Middenstandsbank (NMB)
Project involved "greening" the bank's office building.
Total Costs for Green Technologies: $865,200
Total Building Costs: $53.8 million
Innovative Environmental Technology: Passive solar heating and ventilation for large
office floor plate allowing natural daylight to penetrate work spaces and interior cores.
HVAC design allows cogeneration and capture of waste heat. Water-efficient
landscaping and rainwater cisterns reduce water consumption. Flexible and adaptable
design for changing uses, which is critical for office space.
Results: Energy savings are estimated to be $2.9 million.
Source: Rocky Mountain Institute
Project Name: Southern California Gas Company's Energy Resource Center (ERC)
Location: Downey, California
Date Completed: 1995
Project Size: 44,572 SF
Project Description: Office. Redevelopment of a 1957 building to demonstrate effects of
environmental technology on energy efficiency.
Total Costs: $7.9 million
Innovative Environmental Technology: Used 80% recycled materials and furnishings.
Sensors installed on HVAC system to maximize IAQ. Natural daylighting and low-E
windows to lessen burden on lighting and HVAC systems. Drought-resistant plants for
exterior landscaping.
Results: Saved $3.2 million over conventional construction through the implementation
of recyclable materials. $21,000 to $30,000 savings in electricity annually.
Source: Rocky Mountain Institute
Project Name: Tolman Creek Shopping Center
Location: Ashland, Oregon
Date Completed: 1991
Project Size: 98,770 SF
Project Description: Retail. Four building complex: grocery store (43,770 SF),
pharmacy (35,000 SF), satellite tenants (12,000 SF and 8,000 SF).
Innovative Environmental Technology: Worked in coordination with the local utility
company and the City of Ashland's Conservation Department for design assistance to
achieve energy savings. Improved building envelope through additional insulation. Heat
recovery system on refrigerator. Occupancy sensors installed on lighting system to reduce
energy consumption.
Results: Innovative technology saves the grocery store $40,000 annually in energy costs,
thus increasing the percentage rental payments to the owner. Received Bonneville Power
Authority's Energy Smart Award.
Source: Rocky Mountain Institute
Project Name: Denver Dry Goods Building
Location: Denver, Colorado
Date Completed: 1994
Project Size: 350,000 SF
Project Description: Mixed Use. Retail, office, and residential (affordable and market
rate).
Total Costs: $30.1 million
Innovative Environmental Technology: Redevelopment of existing building to
integrate full-system design approach for energy and water efficiency.
Results: Savings of at least $75,000 per year on operating expenses. Success of project
promoted future affordable housing projects in downtown Denver.
Source: Affordable Housing Development Corporation and Rocky Mountain Institute
Project Name: Duracell Headquarters
Location: Bethel, Connecticut
Date Completed: 1996
Project Size: 310,000 SF
Project Description: Office. World headquarters for major battery manufacturer with
offices, laboratories, training center, fitness area, dining facilities, and parking garage.
Total Costs: $70 million
Innovative Environmental Technology: 50% of building materials were either recycled
or reclaimed (wood selected from sustainably managed forests, etc.). Attention to indoor
air quality and sustainable material assessment. Building orientation maximized
daylighting and energy efficiency.
Results: An estimated $3.2 million was saved by reusing materials from older buildings
on the site. Recycled 60-70% of the construction debris.
Source: Cosentini Associates and Rocky Mountain Institute
Project Name: Four Times Square
Location: Times Square, New York, New York
Owner: The Durst Organization
Project Contact: The Durst Organization or Fox & Fowle Architects
Date Completed: In progress
Project Size:
Building (gross building area): 1.6 million SF
Project Description: Commercial/Office. 4 Times Square is a 47 story office tower with
ground floor retail and entertainment space.
Innovative Environmental Technology: This is the first very large scale speculative
green office building. The base building is being constructed with attention to materials
selection, improved thermal performance of envelope, gas-absorption chillers, and fuel-
cells for power generation. The building is part of an experiment run by Rocky Mountain
Institute, The Energy Foundation, and Eley & Associates on energy-related performance-
based compensation. The development team is working with lead tenants on measures
that can improve the energy and environmental performance of their tenant
improvements. The team is negotiating a package that would result in the use of integral
photovoltaic panels in the spandrels of the south and west facades.
Results: The building is largely pre-leased with the majority of the space being taken by
Conde Nast Publications and a major law firm. Building will be fully occupied by 1999.
Source: Louis Esposito, Durst Organization and Rocky Mountain Institute
Project Name: Lockheed Building 157
Location: Sunnyvale, California
Date Completed: 1983
Project Size: 600,000 SF
Project Description: Office. Office building for 2,700 engineers and support staff.
Total Costs: $50 million
Innovative Environmental Technology: Large central atrium, light shelves and large
windows to maximize daylighting and reduce heating from artificial light fixtures.
Results: Total energy savings worth nearly $500,000 with an IRR of over 25%. Building
improvements resulted in an enhanced working environment that decreased absenteeism
15%, which Lockheed values at over $2,000,000 per year.
Source: Joseph Romm, Bill Browning, and Rocky Mountain Institute
Project Name: Natural Resources Defense Council Headquarters
Location: New York, New York
Owner: Natural Resources Defense Council
Date Completed: 1989
Project Size: 25,000 SF
Project Description: Office. Renovated office to improve lighting system.
Grants: : A $100,000 efficiency grant was awarded by Consolidated Edison for efficient
lighting.
Innovative Environmental Technology: Innovative daylighting strategies such as
skylighting (horizontal and vertical), and central stairwell. Infrared motion detectors
control electric light use to minimize power demand. Superinsulated walls, roof, and
windows to minimize heat loss in winter and heat gain in summer.
Results: Annual energy savings of $25,100.
Source: Rocky Mountain Institute
Project Name: Ridgehaven Green Building Demonstration Project
Location: San Diego, California
Date Completed: 1996
Project Size: 73,000 SF
Project Description: Office. Demonstration project involving the redevelopment of a
13-year-old office building to house San Diego Gas and Electric.
Total Costs: $3 million
Innovative Environmental Technology: Maximized low-toxic, highly recycled
content, and sustainably sourced building products throughout the construction process.
Installed high efficiency HVAC units which were 32% more efficient than the current
industry standard. Utilized highly energy-efficient lighting and monitoring controls.
Results: Achieved $80,000 in energy savings per year. Reduced absenteeism due to
improved IAQ.
Source: Rocky Mountain Institute
Project Name: Wal-Mart Environmental Demonstration Store
Location: City of Industry, California
Date Completed: 1996
Project Size: 125,000 SF
Project Description: Retail. Green building demonstration project for WalMart.
Innovative Environmental Technology: Photovoltaic array as part of glazing system
on building's entrance canopy. Energy efficient ligting system including 180 high-
performance skylights, 25 curvilinear skylights, and 12 motorized skylights with mirrors
to maximize daylight usage. HVAC system design includes (1) six 35-ton units, which
use non-ozone depleting HOC-134a for a refrigerant, (2) C02 sensors for maximum
efficiency and energy savings, and (3) innovative climate-specific, high-efficiency
evaporative cooling system with a variable air volume air handling system. Low
waste/reclaimed building materials such as concrete block made with fly ash; floor
covering made from recycled tires; and countertops made from recycled newspaper and
soy based adhesive. Free electric car charging station located in premium parking spaces
to support California's efforts to promote the usage of zero emission electric vehicles.
Results: Minimum annualized energy savings of $60,000. To put the energy savings
through the design and construction process into perspective, overall energy savings were
adequate enough to power 200 homes for one year.
Source: Rocky Mountain Institute
Project Name: Grand Wailea Resort and Spa
Location: Wailea, Maui, Hawaii
Date Completed: 1991
Project Size: approximately 950,000 SF
Project Description: Hotel/Resort. Five Diamond rated resort property, 761 rooms, 52
suites, 5 restaurants, chapel, and 5 golf courses.
Total Costs: $650 million
Innovative Environmental Technology: Innovative "close loop", zero waste
methodology through agricultural landscape. Coconuts and fruits grown on resort
property are used by the kitchens and harvested by guests and employees; conveys
organic wastes to a biodigestor which produces methane to reduce energy consumption.
Plumbing and HVAC retrofits to further increase energy savings and improve resource
conservation. Environmental responsive property management procedures such as 95%
reduction in pesticide use, and 60% reduction in fertilizers.
Results: HVAC and plumbing upgrade reduced operating costs by over $200,000 per
year. Lighting upgrade reduces energy costs by $80,000. First 5 Diamond resort to
achieve a 5 Globe HVS Ecotel rating to increase marking and ecotravel guests. Source
separation results in 50% reduction in material sent to landfill.
Source: Rocky Mountain Institute
Project Name: The White House
Location: Washington, DC
Date Completed: 1994
Project Size: 750, 000 SF
Project Description: Institutional. Governmental office complex.
Innovative Environmental Technology: Full systems approach to energy efficient
upgrade including building envelope, lighting, heating & cooling,
materials/finishes/fixtures/furnishings, indoor air quality, water, landscaping,
operations/maintenance, and materials/recycling. Major improvements included
installation of a "golden carrot" refrigerator, new non-CFC or HCFC chiller, and lighting
upgrade to a more-efficient, cooler, operating system.
Results: More than 50 energy-improvement initiatives were completed by Earth Day
1994. Currently the project is saving over $300,000 annually in energy and water costs.
The project can potentially decrease the White House's resource consumption by 50% or
more.
Source: Rocky Mountain Institute
Project Name: Kansas City Zoological Gardens Entry/Education Building
Location: Kansas City, Missouri
Date Completed: 1995
Project Size: 72,000 SF
Project Description: Institutional. Zoo entrance facility, IMAX theater, gift shop,
offices.
Total Costs: $16 million
Innovative Environmental Technology: Environmentally friendly building materials.
Maximized daylighting through building orientation and window placement. Energy-
efficient lighting system. Alternative wastewater system to reduce resource consumption
and promote a zero waste environment.
Results: The building achieves a 79% energy savings over base case resulting in annual
energy savings of $85,000.
Source: Bob Berkible Architects and Rocky Mountain Institute
Project Name: Queens Building, DeMontfort University
Location: Leicester, United Kingdom
Owner: DeMontfort University
Date Completed: 1993
Project Size: 107,000 SF
Project Description: Institutional. Mechanical Engineering facility at DeMontfort
University for 2,000 students and faculty.
Total Costs: $14.6 million (1995)
Innovative Environmental Technology: Innovative natural ventilation system through
thermal chimneys that induce ventilation throughout the building, similar to the pressure
head in a water tower. The 8 chimneys draw warm air up from the building and air
release is controlled by mechanical louvers at the top of each chimney. Simultaneously,
the chimneys pull outside air into vents and through the building. Occupants open or
close windows to adjust the temperature levels in their area to increase individual
comfort. Furthermore, to ensure that the overall building temperature maintains
acceptable levels, an automated management system adjusts dampers, louvers, and
heating controls. Building envelope reduces cooling loads through light shelves and
heavy masonry walls constructed of locally manufactured brick to reduce overall energy
consumption.
Results: $1.4 million savings on mechanical systems. Uses half the energy of a standard
building resulting in savings of $80,250 per year. Won the Green Building Award for
1994.
Source: Max Fordham and Partners and Rocky Mountain Institute
Project Name: The Thoreau Center for Sustainability
Location: The Presidio, San Francisco, California
Date Completed: 1996
Project Size: 75,000 SF
Project Description: Institutional. Redevelopment of a hospital complex within the
former military base. First development project as it becomes a National Park with
residential and business community uses. The Thoreau Center is home to several
foundations and non-profits. It serves as the model for renovation of more than 1,000
buildings on the Presidio, and a demonstration of the National Park Services' goal to be a
leader in sustainable design.
Total Costs: $4.1 million.
Innovative Environmental Technology: Energy efficiency, daylighting, natural
ventilation, efficient systems design. Attention to green material selection and indoor air
quality. The building has displays and uses an environmental education tool. Adaptive
reuse and restoration of historic building and landscapes.
Results: Annual energy savings of $22,000.
Source: Thoreau Center for Sustainability and Rocky Mountain Institute
Project Name: Second Street Studios
Location: Santa Fe, New Mexico
Owner: Affordable Housing Development Company
Date Completed: January 1990-present. Currently on Phase IV.
Project Size: 39,500 SF, Phase I
Project Description: Mixed Use. Phase I: Live/work residences -40,000 SF; Phase II:
Santa Fe Arts building 18,000 SF; Phase III: Live/work residences 20,000 SF; Phase IV:
Industrial Arts Building 30,000 SF.
Innovative Environmental Technology: The developers recognized Santa Fe's need for
affordable living and working space for the growing number of artists and small business
entrepreneurs. The development team met this need by planning the appropriate mix of
flexible space for this kind of market. In Phase I, the project incorporates passive solar
technology through sun-shading by a trellis, concrete floors help create thermal mass, and
the design maximizes daylighting. A recycling program was started by the developers.
Installed water-saving fixtures for toilets and showerheads.
Results: Fully leased. Waiting list to get in.
Source: Rocky Mountain Institute
Project Name: Ecover
Location: Oostmalle, Belgium
Date Completed: October 1992
Project Size: 57,000 SF
Project Description: Industrial. First European ecological factory-office and soap
manufacturing facility.
Total Costs: 130 million Belgian francs
Innovative Environmental Technology: Incorporated "closed loop" manufacturing
process into the design of the building. Developed a closed-loop water system that reuses
1.5 million liters of water per year.
Results: Energy-efficient design features result in annual savings of 273,000 Belgian
francs per year.
Source: Rocky Mountain Institute
Project Name: Patagonia
Location: Reno, Nevada
Owner: Patagonia
Date Completed: 1996
Project Size: 184,000 SF
Project Description: Industrial. Distribution center and office facility.
Innovative Environmental Technology: Site issues, materials selection and
construction activities were comprehensively evaluated for "green" features. Building
orientation and the extensive use of shading devices, lightshelves, and solar tracking
skylights maximize solar exposure and daylighting. Stack effect assisted by displacement
provides passive ventilation, which is coupled with a nighttime air flushing cycle to
improve summer cooling and indoor air quality (IAQ). Energy-efficient lighting fixtures
and energy management controls provide energy savings 30% below code. Structural
capacity to add a second floor that could someday be converted into office space was
incorporated, and the front third of the building was specifically designed to be adaptable
because it had the most access to daylighting and natural ventilation. Irrigation system
and plumbing fixtures are water efficient. In addition, biofiltration swales and xeriscaping
treat and save water on site. The damaged Truckee River ecosystem was reestablished as
a public outreach project. A recycling system was also incorporated into the design.
Results: Annual Energy savings of $97,000.
Source: Miller/Hull Partnership and Rocky Mountain Institute
Project Name: ACT2 House
Location: Davis, California
Date Completed: 1992
Project Size: 1,672 SF
Project Description: Residential. Single family house.
Sold for: $249,500
Innovative Environmental Technology: Whole-systems design approach. Passive solar
heat/cool system that allowed reduction/elimination of certain traditional mechanical
equipment such as a furnace, air conditioner, ductwork, pipes, controls, and wiring.
Innovative wood framing reduced material consumption by 50%.
Results: Construction costs reduced by at least $1,800. Operation costs reduced by
$1,600 due to the incorporation of simplified mechanical systems.
Source: Rocky Mountain Institute
Project Name: Rocky Mountain Institute
Location: Snowmass, Colorado
Date Completed: 1984
Project Size: 4,000 SF
Project Description: Residential/Office. Demonstration house and headquarters for
Rocky Mountain Institute.
Total Costs: $500,000
Innovative Environmental Technology: Passive solar design with super-efficient
insulation. Building envelope uses 200% insulation as traditional residential construction.
Windows achieve an R-8 rating and contain gas fill (such as argon or krypton) for
additional insulation. Passive solar heating and insulation is adequate enough such that
the facility contains no conventional heating system. State-of-the-art photovoltaic arrays
to reduce energy demand. High-efficient lighting and water systems. Locally sourced
and sustainably-resourced building materials used in the construction. Food is organically
grown in the greenhouse and Institute gardens to further promote a sustainable
living/working environment.
Results: According to Amory Lovins, the $1.50 per SF marginal cost of its energy
savings was paid back in ten months.
Source: Rocky Mountain Institute
Project Name: Seventh Generation Systems Sustainable Technology Center
Location: Friday Harbor, San Juan Island, Washington
Date Completed: 1995
Project Size: 17,000 SF
Project Description: Office. Dual building, multi-tenant office complex targeting highly
technological tenants.
Total Costs: $2.1 million.
Innovative Environmental Technology: Fully systems approach incorporating energy-
efficient construction procedures, high-performance building envelope with
superinsulated windows, solar space and water heating, on site wastewater treatment with
closed loop recyclable water system, and a PV system that provides a significant portion
of the complex's electricity. The project also features an electrical vehicle charging
station to promote hybrid electric vehicle travel to work. Construction documents
specified selected recycled materials.
Results: According to property managers, who have monitored the buildings
performance, the Center has achieved a savings of $32,000 per year--or the equivalent of
2 months of free rent annually for tenants. Sewage and water costs were reduced by 69%
and electricity use was reduced by 83%.
Source: Rocky Mountain Institute
Project Name: San Francisco Main Library
Location: San Francisco, California
Date Completed: 1996
Project Size: 381,000 SF
Project Description: Institutional. Seven story building located in the San Francisco
Civic Center.
Total Costs: $142 million
Notable GD Features: Full systems design approach paying particular attention to low-
VOC building materials, including adhesives and paints (MSDS and emissions test data
requested for some products), and energy efficient lighting and HVAC systems.
Commissioned building.
Results: Saves $91,000 per year on energy costs.
Source: Rocky Mountain Institute
Project Name: Utah Department of Natural Resources
Location: Salt Lake City, Utah
Date Completed: 1996
Project Size: 105,000 SF
Project Description: Office. New Headquarters for the State of Utah Department of
Natural Resources
Total Costs: $11.9 million
Innovative Environmental Technology: Efficient lighting design. Building orientation
maximizes daylight exposure. Implementation of light shelves on south side of building
reflects natural daylight deep into buildings interior to effectively double the amount of
building area receiving natural light. Low-e glass windows reduce heat gain from sun
exposure. Recycled building materials such as Douglas fir from the Southern Pacific
Railroad's great Salt Lake trestle for the ornamental lobby columns and desks and
aluminum cans and bottles for the benches on the building grounds.
Results: New DNR building uses about 42% less energy and saves more than $50,000
per year in energy, operation, and maintenance costs. Awarded the 1996 Energy User
News Efficient Building Award for New Construction.
Source: Utah Department of Natural Resources
Project Name: Wampanoag Tribal Headquarters
Location: Martha's Vineyard, Massachusetts
Date Completed: January 1994
Project Size: 8,600 SF
Project Description: Mixed Use. A two-story office building that provides
administrative, educational and social spaces for tribal members.
Total Costs: $1,150,000
Innovative Environmental Technology: Otimal building orientation to allow passive
solar design with 53% energy savings over conventional performance. Use of green and
recycled content materials. Waterless composting toilets to reduce water consumption.
Internal planting beds to treat waste water
Results: Daylighting and passive solar heating result in energy savings of $7,600 per
year.
Source: Burke Miller Thayer
Project Name: Dibble Residence
Location: New Glarus, Wisconsin
Project Size: 1,730 SF
Date Completed: 1982
Project Description: Residential. 1 story, two-bedroom residence.
Total Costs: $105,000 (estimated 1994 construction cost)
Innovative Environmental Technology: Passive solar heating. Water-efficient pluming
features. Double-glazed windows on south, triple-glazed on north and east for
heating/cooling efficiency. Earth berm on north and east walls for insulation.
Results: 67% overall reduction in total energy usage for space heating. Annual savings
of $348.
Source: Burke Miller Thayer
Project Name: Nyland CoHousing Community
Location: LaFayette, Colorado
Project Size: 42 lots. Avg. House size = 1440 SF
Date Completed: 1992
Project Description: Residential. 42 lot subdivision with more than 20 acres of shared
open space, a solar green house, and 6000 sf Common House.
Total Costs: $6.2 million
Innovative Environmental Technology: 90% efficient, direct-vent, condensing, forced
air natural gas furnaces (typical is 78%). Clustered 2 and 3 single-family units to
maximize green space. Passive solar heating through large south facing windows (8% of
floor area). Energy-efficient windows and water-efficient plumbing fixtures.
Results: 50% reduction in energy consumption resulting in annual savings of $23,604.
Source: Burke Miller Thayer
Project Name: Andrejko Residence
Location: Williamsville, New York
Project Size: 932 SF
Date Completed: 1992
Project Description: Residential. Addition to 1 story, 4 bedroom, 1956 ranch house
Total Project Costs: $1,600
Innovative Environmental Technology: Passive solar design in snowy region of
western New York. Superinsulated walls and windows eliminated need for additional
ductwork.
Results: 54% reduction in energy costs with 50% increase in building area. Annual
savings of $330.
Source: Burke Miller Thayer
Project Name: St. Francis Hotel
Location: San Francisco, California
Project Size: 1,000,000 SF
Date Completed: 1993
Project Description: Hotel/Resort. Lighting upgrade to more energy-efficient and
environmentally-friendly system.
Total Project Costs for Lighting Upgrade: $76,000
Innovative Environmental Technology: Implementation of energy-efficient lighting
and reducing greenhouse gas emissions. Created healthier environment.
Results: Annual energy savings of $85,000 resulting in an IRR in excess of 100% for the
lighting upgrade.
Source: Joseph J. Romm
Project Name: Cottage Home
Location: Atlanta, Georgia
Project Size: 1,000 SF
Date Completed: 1992
Project Description: Residential. Affordable housing prototype aimed towards
individuals or families who earn at least $12,000 per year.
Total Costs: $45,000
Innovative Environmental Technology: Passive solar design. Airtight drywall,
superinsulated doors and windows. Energy-efficient appliances and lighting fixtures.
Results: Annual energy savings of $800.
Source: Cottage Homes
Project Name: Hyde Tools
Location: Massachusetts
Date Completed: 1992
Project Description: Industrial. Manufacturer of cutting blades. Over 300 employees.
Ligting upgrade from old fluorescents to new high-pressure, sodium-vapor and metal-
halide fixtures.
Total Costs: $98,000 ($48,000 covered by local utility company)
Innovative Environmental Technology: Energy-efficient lighting fixtures.
Results: Energy savings of $48,000 per year. Also Doug DeVeris, purchasing manager
estimated that lighting upgrade resulted in improved quality in workmanship of $25,000
which increased sales $250,000.
Source: Joseph J. Romm
Project Name: Sarratt Residence
Location: Rogers, Arkansas
Project Size: 3,000 SF
Date Completed: 1996
Project Description: Residential. 2-story, 4 bedroom house
Total Costs: $186,000
Innovative Environmental Technology: Passssive solar heating. Thermal mass in form
of floor tile and concrete slab. 3-foot overhangs to provide shading. Solar domestic hot
water system.
Results: 71% reduction in heating cost and 82% reduction in cooling costs. Total annual
energy savings of $870.
Source: Burke Miller Thayer
Project Name: Women's Humane Society Administrative Office and Veterinary Clinic
Location: Bensalem, Pennsylvania
Project Size: 24,500 SF
Date Completed: 1996
Project Description: Institutional. Humane Society with administrative office, clinic,
and kennels.
Total Costs: $3,119,208 (building only)
Innovative Environmental Technology: Non-toxic, low VOC, and high recyclable
construction materials throughout the building. DDC system to minimize energy
consumption. Glazing system allows daylight to be reflected in summer, and penetrate in
winter. Daylighting to reduce lighting demand.
Results: $40,000 annual savings in energy costs.
Source: Susan Maxman and Partners
Project Name: Kenwood Place Condominiums
Location: Bethesda, MD
Project Size: 290,000 SF
Date Completed: 1992
Project Description: HVAC system upgrade to a 35-year-old residential complex
containing 174 units.
Total Project Costs: $245,000
Innovative Environmental Technology: Total systems design approach to determine
system requirements. Found existing system to be oversized and obsolete. Innovative
rotary water-cooled chiller with R-22 refrigerant, with pony motor system for improved
efficiency. System upgrade resulted in the lowest initial equipment cost, lowest operating
costs, highest efficiency, and best track record for the greater Washington, DC area.
Results: System upgrade resulted in annual savings of $11,892.
Source: Potomac Electric Power Company
Project Name: Esperanza del Sol
Location: Dallas, Texas
Project Size: 1,270 SF
Date Completed: 1994
Project Description: 2-story, 3-bedroom, single-family residence
Total Costs: $79,900
Innovative Environmental Technology: Building envelope including R-25 walls, R-38
ceiling, R-5 insulated slab to increase thermal efficiency. Improved structural efficiency
by placing framing 24" as opposed to the conventional 16" OC. Geothermal
heating/cooling system to increase sustainability and further reduce energy costs.
Optimized building orientation to assist passive solar effects.
Results: Prototype home now part of larger subdivision. High demand home geared
towards lower to moderate income families in the Dallas area. Innovative energy-saving
technologies result in annual savings of $440.
Source: Barbara Harwood
Project Name: Fort Polk Army Base
Location: Fort Polk, Louisiana
Project Size: 6,270,000 SF
Date Completed: 1996
Project Description: Heating/cooling system upgrade for entire housing stock of a 300
square mile US Army base consisting of over 4000 units in 1300 buildings.
Total Costs: $18 million
Innovative Environmental Technology: Innovative integrated geothermal heat/cooling
system. Superinsulated walls, low-flow hot water outlets, waste heat from desuperheaters
in the GHP system used to heat hot water.
Results: Service calls reduced from as much as 90 per day to almost zero on hot summer
afternoons. Annual electric, natural gas, and maintenance savings of $3.3 million for the
entire base. Carbon dioxide emissions reduced by 38,480 tons per year.
Source: International Ground Source Heat Pump Association
Project Name: Park Chase Apartments
Location: Tulsa, Oklahoma
Project Size: 280,500 SF
Date Completed: 1995
Project Description: HVAC upgrade to a 64 building apartment complex consisting of
350 units from 650 to 960 square feet.
Innovative Environmental Technology: Geothermal heat/cooling mechanical system.
Separate geothermal loop calculations and size for each apartment based on building
orientation and other outside climactic effects. Improved building envelope for thermal
efficiency.
Results: Part of HUD energy experiment. Geothermal heat system outperformed gas
hydronic, water-to-air heat pump, and water-to-water heat pump. $133,650 rebate by
Public Service Company of Oklahoma. Total annual energy savings of $60,804.
Source: International Ground Source Heat Pump Association
Project Name: Durant Road Middle School
Location: Raleigh, North Carolina
Project Size: 150,000 SF
Date Completed: 1995
Project Description: Institutional. 1 story middle school, part of Wake County Public
School System
Total Costs: $12.3 million
Innovative Environmental Technology: Building orientation to account for natural
daylighting and passive solar design features. Roof monitors placed above classrooms,
gymnasium, cafeteria, and media center to improve lighting and comfort levels.
Advanced lighting system with occupancy sensors to reduce energy costs. Energy
management system for HVAC using natural gas to heat the building and electric chiller
(reduced size) for cooling.
Results: School dubbed as the healthiest; most productive, energy-efficient, and cost-
effective learning environment in the state. Total energy savings of $165,000 per year.
Source: Burke Miller Thayer
Project Name: Holiday Inn Express
Location: Albany, New York
Project Size: 64,000 SF
Date Completed: 1995
Project Description: Hotel/Resort. 126-room hotel with health club, indoor pool, and
guest business center.
Total Costs: $150,000 ($28,000 rebate by Niagara Mohawk, local power company).
Innovative Environmental Technology: Innovative geothermal heating cooling system
consisting of five 1,500-ft standing column wells, 130 internal heat pumps powered by
one-10 hp pump, and individual controls to facilitate energy conservation. Energy-
efficient and well insulated building envelope including walls (R-19), roof (R-30) in
addition to thermal pane windows.
Results: Energy savings in excess of $38,000/year.
Source: Michael Hoffman
Project Name: Florida Solar Energy Center (FSEC)
Location: Cocoa, Florida
Project Size: 71,000 SF
Date Completed: 1995
Project Description: Office. New Energy Center located on 15 acre site at the
University of Central Florida/Brevard Community College Campus including an office
building, visitor center, and laboratories.
Total Costs: $7 million
Innovative Environmental Technology: Innovative computer modeling for full system
design. Long, narrow footprint optimizes natural light for interior illumination. Lighting
control devices automatically dim lights when sunlight is available, and brighten the
lights when there is significant cloud cover, or late evening and night hours. Innovative
heat pipe system for air quality and temperature control. Carbon monoxide monitors
sense building occupancy and adjust ventilation controls accordingly.
Results: Whole-system design and energy-efficient devices result in energy savings of
$70,000 per year.
Source: Florida Solar Energy Center
Project Name: Center for Energy and Environmental Education
Location: Cedar Falls, Iowa
Project Size: 29,300 SF
Date Completed: 1994
Project Description: Institutional. 2-story energy and environmental education facility
at the University of Northern Iowa's campus.
Total Costs: $3 million
Innovative Environmental Technology: Energy-efficient building envelope. Ceiling
and wall insulation levels run from R-30 to R-40 and R-20 respectively through the use
of polyisocyanurate rigid boards and partially recycled polystyrene. Passive solar design
accounts for large portion of heating load. Thermal mass provided by means of
limestone wall and concrete floor slab. Innovative Variable air volume (VAV) system
equipped with sensors control flow of air throughout building. Energy-efficient lighting
system reduces load on HVAC system.
Results: Annual energy savings of $8,960
Source: Center for Energy and Environmental Education and Burke Miller Thayer
Project Name: Owens Corning Headquarters
Location: Toledo, Ohio
Project Size:
Date Completed: 1997
Project Description: Office. New corporate headquarters for Owens Coming
Total Costs:
Innovative Environmental Technology: Innovative underfloor air system. New system
provides more flexibility of office space due to the lack of supply air duct work in the
ceiling. Less maintenance and repair due to lower number of operating devices and
equipment. Efficient building envelope to ensure new HVAC system operated to fullest
potential.
Results: Innovative HVAC system has reduced yearly maintenance and operating costs
by $500,000.
Source: Cosentini Associates
Project Name: S.C. Johnson Worldwide Professional Headquarters
Location: Racine, Wisconsin
Date Completed: 1997
Project Size: 250,000 SF
Project Description: Office. Headquarters and laboratories for new S.C. Johnson
Company comprised of 116,000 SF of office space, 72,000 SF of laboratories, and 62,000
SF of common area.
Project Costs: $34.8 million
Innovative Environmental Technology: Full-system design approach including
innovative strategies for optimal daylighting, building envelope, heat recovery system,
mechanical systems, energy management systems, and personal temperature and air
quality controls., and requirement that suppliers take back pallets and packaging.
Sustainable qualities such as wetlands restoration, habitat restoration, and garden space
provided for internal dining facilities.
Results: According to project architect HOK, annual energy savings exceed $100,000.
Construction procedures resulted in the recycling of 86 tons of material.
Source: Hellmuth, Obata and Kassabaum, Inc.
Project Name: Erickson Diversified Corporation
Location: Hudson, Wisconsin
Project Size: 28,000 SF
Date Completed: 1997
Project Description: Office. 2-story headquarters for an ecological grocery store
owner/operator
Innovative Environmental Technology: Construction procedures and specifications
required the use of recycled, and locally produced materials. Energy-efficient lighting
system design maximizing exposure to natural daylight. Computerized dimming system
and individual controls to maximize energy efficiency. Passive solar heating/cooling.
Results: Goal of 75% landfill avoidance was achieved through excessive recycling
efforts. Annual energy savings in excess of $25,000.
Source: Boarman, Kroos, Pfister, Vogel, and Associates
Project Name: Main Post Office
Location: Reno, Nevada
Project Size:
Date Completed: 1986
Project Description: Office. Energy upgrade to existing post office
Total Project Costs: $300,000
Innovative Environmental Technology: Energy-efficient lighting system Lowered and
sloped ceilings to reduce lighting requirements and reduce heating/cooling area.
Results: Annual energy and maintenance savings of approximately $50,000. Additional
and more lucrative benefit from the upgrade was approximately $450,000 increase in
productivity per year. New working environment increased air quality and visibility to
facilitate mail sorting and reduced errors. Do insure that increase in productivity was not
due to the Hawthorne Effect, productivity was tracked for over a year after the upgrade
and is illustrated in the following graph.
Productivity Upon Completion of Energy Upgrade
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Project Description: Office. Lighting upgrade to a portion of a 12,775 SF engineering
office
Total Project Costs: $8,362
Innovative Environmental Technology: Low glare lighting design using energy-
efficient lamps, ballasts, and parabolic louvers to reduce glare on workers.
Results: Annual energy savings of $2,035. Improved lighting and air quality increased
productivity equating to $42,240 per year. Based on financial savings, IRR of investment
of approximately 530%.
Source: Bill Browning and Joseph J. Romm
Project Name: West Bend Mutual Insurance
Location: West Bend, Wisconsin
Project Size: 150,000 SF
Date Completed: 1992
Project Description: Office. New headquarters for large insurance company.
Total Costs: 13,500,000
Innovative Environmental Technology: Energy-efficient mechanical systems. Super
insulated building envelope. Implemented environmentally responsive workstations
(ERWs) which enabled each employee to control temperature and airflow. Thermal
storage system to cool building from ice that is generated during the night and low peak
hours.
Results: Annual energy savings of $126,000. Building was part of a study conducted by
RPI to track worker productivity and relationship to ERWs. Productivity increased
resulting in annual savings of $364,000.
Source: Bill Browning and Joseph J. Romm
Project Name: 2211 West 4 th Avenue
Location: Vancouver, British Columbia Canada
Date Completed: 1993
Project Size: 138,000 SF
Project Description: Mixed Use. Four story building consisting of 40,000 SF of retail,
29,000 SF office space, and 69,000 SF of residential space.
Total Project Costs: $29.3 million
Innovative Environmental Technology: Innovative building envelope design including
the implementation of a "rain screen" double exterior wall system for resource efficiency
and insulation. HVAC system consisted of a ground source heat pump for heating and
cooling. Construction methods utilized natural or recycled materials to reduce initial costs
and reduce energy consumption.
Results: Annual energy savings for residential unit of approximately $475; $.35/sqft for
commercial, and $.75/sqft for retail portion. Total annual energy savings for project of
$68,710.
Source: Harold Kalke
Project Name: Waterloo Region Green Home
Location: Waterloo, Ontario
Project Size: 2,500 SF
Date Completed: 1993
Project Description: Residential. Demonstration housing prototype focusing on energy
efficiency and environmental sustainability
Innovative Environmental Technology: Housing design incorporated latest
technologies in energy efficiency, water conservation, waste management, CFC
elimination, and low embodied energy and recyclable materials. Building envelope
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consisted of precast concrete walls that used half the concrete from conventional home
design. Water efficient plumbing features and appliances. Natural gas and solar heating
energy components. Building orientation maximized natural daylighting and energy-
efficient lighting features.
Results: House was monitored between 1993 and 1994 to monitor energy and water
efficiency. Peak space heating requirement was only 4 kilowatts equating to three
conventional hair dryers! Total annual savings of $2000. Awards included ASHRAE
1996 Technical Award, 1996; and Natural Resources Canada Advanced Houses Design
Competition
Sources: Stephen Carpenter, Enermodal Engineering Limited and Ian Cook, Kitchener-
Waterloo Home Builders Association
Project Name: Conservation Law Foundation
Location: 62 Summer Street, Boston, Massachusetts
Project Size: 13,300 SF
Date Completed: 1992
Project Description: Office. Redevelopment of an existing office building in downtown
Boston to house non-profit Conservative Law Foundation
Total Costs: $1,380,000
Innovative Environmental Technology: Full-system design approach. Superinsulated
building envelope (R-18 walls, R-38 roof). Computerized energy management systems
to control levels in each zone of the building. Employee operable lighting and ventilation
systems installed to maximize comfort and worker productivity.
Results: Annual energy savings of $8,595.
Source: Conservative Law Foundation and Keith Moskow
Project Name: Green on the Grand
Location: Kitchener, Ontario
Project Size: 19,620 SF
Date Completed: 1997
Project Description: Office. Speculative office building built to demonstrate energy
efficiency. Canada's first C-2000 project, a program inspiring environmentally friendly
commercial construction.
Total Costs: $1,573,960
Innovative Environmental Technology: Efficient and low embodied energy building
envelope. Insulation levels three times normal R-values. Engineered wood used for
structural support system. Heating/cooling system comprised of water-based radiators in
each tenant area through ceiling panels. Window placement optimized natural daylight
during working hours. Water conservation design includes capturing runoff into a
retention pond to use as a thermal mass for the heating/cooling system, as well as a
reservoir for watering landscape, flushing toilets, and appliances. Significant investment
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in recycling and waste management.
Results: Energy savings of $11,416 per year through 28% water demand of conventional
office building, and 50% of the operating energy compared to ASHRAE 90.1.
Sources: Stephen Carpenter, Enermodal Engineering Limited and Ian Cook, Cook
Construction
Project Name: Continental Office Plaza Retrofit
Location: Chicago, Illinois
Project Size: 127,360 SF
Date Completed: 1997
Project Description: Office. Building retrofit to upgrade operating equipment and
energy efficiency components.
Total Costs: $453,405
Innovative Environmental Technology: Complete overhaul of lighting and HVAC
systems. Appropriately sized, energy-efficient chillers were installed. Lighting retrofit to
optimize worker comfort and productivity with automation control to reduce energy
consumption.
Results: Developer was able to finance additional improvements through energy savings.
Annual energy savings of $107,555 resulting in increased building valuation of over $1
million.
Source: Kevork Derderian
Project Name: Green Grocer, Hanover Food Co-op
Location: Lebanon, New Hampshire
Project Size: 55,000 SF
Date Completed: 1997
Project Description: Retail. Anchor store in new environmentally friendly shopping
center adjacent to Dartmouth College.
Innovative Environmental Technology: The co-op considered recycling, energy
efficiency, flexibility, and growth potential as the top priorities for the new store's design.
Design included heavy use of locally manufactured and recyclable materials. Maximized
daylighting through high ceilings (16 feet) and skylights to increase sales as a result of
the WalMart project. Light sensors provide artificial lighting when natural lighting is
inadequate. Recycled timber used for the buildings main frame and Zinc used for the
standing roof seam due to its recyclable qualities.
Results: Annual energy savings of $12,000. Co-op attracted 1,200 new members and
increased food sales by 40 percent.
Source: Arrowstreet Architects
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Project Name: Patagonia Distribution Center
Location: Reno, Nevada
Project Size: 184,000 SF
Date Completed: 1996
Project Description: Mixed Use. Worldwide office, warehouse and distribution facility
for Patagonia.
Total Project Costs: $6 million
Innovative Environmental Technology: Building orientation optimizes southern
exposure for office and warehouse areas. Light shelves, triple glazing, skylighting, and
sun-tracking lighting systems optimize energy efficiency. Erosion reduced through
biofiltration swales to treat runoff prior to discharge. Radiant heating and cooling panels
provide for ventilation to reduce energy consumption by 50%.
Results: Annual energy savings of $97,000.
Source: Miller/Hull Architects
Project Name: Northwest Federal Credit Union
Location: Seattle, Washington
Project Size: 40,000 SF
Date Completed: 1996
Project Description: Office. New administrative headquarters and main branch bank for
the NWFCU. Building also includes multi-tenant space for future expansion.
Total Project Costs: $4.6 million
Innovative Environmental Technology: Building footprint elongated to take advantage
of natural light. Existing deciduous trees preserved to provide shading during the
summer months. Light shelves, porch overhangs, photosensors, and task lighting reduce
the need for artificial lighting. HVAC design involved 100% outside air night flushing to
eliminate pollutants and reduce energy consumption. Operable windows on the third
floor provide natural air and improved air quality.
Results: Overall energy consumption reduced by 30%. According to John Zmolek,
"The fresh air and operable windows on the third floor are a big hit with the employees.
Everyone wants to work on the southern side of the building." Building received the
1996 BPA Architecture and Energy Award.
Source: Miller/Hull Architects and John Zmolek, NWFCU
Project Name: REI Seattle Flagship Store
Location: Seattle, Washington
Project Size: 98,000 SF retail store and 160,000 SF underground parking garage
Date Completed: 1996
Project Description: Retail. Member-owned co-op designed for climbing, camping,
skiing, paddling, and cycling. Store includes rock climbing wall, bike and boot test trails,
and stove test station. Also 250 person auditorium, caf6, art gallery, repair shop, and
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child play area.
Innovative Environmental Technology: Full system design takes advantage of natural
lighting, outdoor air, and solar heating. Computerized energy control system reduces
energy consumption. Construction materials and demolition debris recycled, reused or
salvaged. Engineered lumber from post industrial waste used for building frame to
reduce embedded energy and take advantage of smaller diameter trees.
Results: Construction procedures reduced waste by 76%.
Source: Mithun Partners, Inc.
Project Name: Hopkins West Junior High School
Location: Minnetonka, Minnesota
Project Size: 17,000 SF
Date Completed: 1996
Project Description: Institutional. Media center and classroom addition to existing
Junior High School
Innovative Environmental Technology: Energy efficient mechanical and electrical
systems. Building envelope and orientation optimized daylighting strategies. Photocell
sensors were incorporated to reduce energy consumption. Additional occupancy sensors
for HVAC systems. Cooling coil reset controls for cooling system to further reduce
overall operating costs.
Results: $7,500 savings annually for the new addition. Local utility grant provided
through the Energy Assets Program.
Source: Cunningham Group
Project Name: EcoVillage
Location: Loudon County, Virginia
Project Size: 180 acres
Date Completed: 1998
Project Description: Residential. Two clusters of single family homes consisting of 25
lots each. Average home size is 1,200 square feet. Each cluster includes its own 5,000 sf
community building. Project is being developed by future residents who are partners in a
limited liability company.
Total Project Costs: Average sales price of homes is $170,000.
Innovative Environmental Technology: Sustainable development pracices to reduce
environmental impact on the land. Organic farming and landscaping foster sustainable
character of neighborhood and support home-based occupations, reducing the
dependency on the automobile. Building design include passive solar features, natural
cooling and daylighting, and alternative energy in the form of photovoltaics. Optimized
recyclable and reusable building materials in home construction.
Results: Homes use 1/3 of energy as standard home in adjacent neighborhoods. Annual
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energy savings of $400.
Source: Grady O'Rear
Project Name: Tamarak Point
Location: Steamboat Springs, Colorado
Project Size: 29 homes ranging from 1,100 to 1,500 sf
Date Completed: 1991
Project Description: Residential. 29 home "green" subdivision geared towards low to
moderate income and first time home buyers.
Total Project Costs: Original average home price ranged from $128,000 to $175,000.
Innovative Environmental Technology: Full system design approach for home design
to reduce overall operating costs. Innovative heating system required since year round
average temperature is 38.9' Fahrenheit. Minimized total surface area-to-volume ratio to
reduce radiant and conductive heat losses promoting vertical construction as opposed to
large floor plates. Automatic heat recovery ventilation to minimize heat loss and
maintain occupant comfort. Full passive solar access through lot and building layout to
elirranate shading from adjacent structures. Incorporated building materials with low
embodied energy and recyclable materials such as cellulose insulation made from
recycled newspaper, carpet made from recycled plastic soda bottles.
Results: Annual energy savings of approximately $200 per home. Developer has
monitored appreciation and resale prices averaging $20,000 per home.
Source: Mark Roberts, Habitat Design and Construction
Project Name: Elkert General Hospital
Location: Indiana
Project Size: 430,000 sf
Date Completed: 1996
Project Description: Institutional. Energy efficient lighting upgrade of hospital as part
of the USEPA Energy Star Program.
Total Project Costs: $85,000
Innovative Environmental Technology: Energy efficient lighting upgrade using state-
of-the-art lighting systems to minimize impacts on employees and patients. Assisted
medical staff in daily operations through improved lighting and air quality. Efficient
lighting also reduced impact on HVAC system further reducing energy consumption.
Results: Annual energy savings of $102,000 creating an IRR in excess of 100%.
Source: USEPA
105
Project Name: Boehringer Ingelheim
Location: Ridgefield, Connecticut
Project Size: 300,000 sf
Date Completed: 1996
Project Description: Office. New Headquarters facility including office space,
auditorium, kitchen and dining facilities, fitness center, and IT facility.
Innovative Environmental Technology: Full system design building components.
Energy efficient lighting and control systems include individual control and variable
intensity levels. Central VAV air handling units include variable speed fans. HVAC
systems integrated into rest of campus using chilled water from the central plant and hot
water from the campus. Energy efficient building materials maximized in building
envelope.
Results: Average annual energy savings of $100,000.
Source: Cosentini Associates LLP
Project Name: Emerald People's Utility District
Location: Eugene, Oregon
Project Size: 24,000 sf
Date Completed: 1989
Project Description: Office. New headquarters for utility district serving the greater
Eugene area.
Innovative Environmental Technology: Maximized natural features to light and cool
the building. Building envelope maximized natural daylighting and vegetation to provide
shading and cooling in the summer months. Lightshelves provide even distribution of
natural lighting throughout the facility. Large thermal masses (9:1 mass:glass ratio)
inside building provide passive solar heating and cooling techniques. Highly insulated
building envelope promotes energy efficiency and reduced heat loss through walls (R-
30), roof (R-15), and perimeter slab (R-40) down to foundations.
Results: Building uses approximately 40% less energy than conventional design in the
Pacific Northwest. Annual energy savings of $15,050 are relatively low due to the low
local utility rates.
Source: Jim Theobold, Emerald People's Utility District
Project Name: Norman Thompson Headquarters
Location: Hillsboro, Oregon
Project Size: 55,000 sf
Date Completed: 1996
Project Description: Office. New headquarters for Portland-based retailer and mail
order company.
Total Project Costs: $5,000,000
Innovative Environmental Technology: Use of recyclable and low embedded energy
materials reduced construction costs. New product called "milestone" which is an
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aggregate of cement powder and crushed windshield and bottle glass was used to finish
the interior walls and floors. Partitions in the restrooms used material from recycled
plastic bottles. Low VOC paints utilized. Native vegetation and drip irrigation system to
reduce water consumption by 50%. Energy efficient lighting and building envelope
allowed smaller HVAC system, reduced ductwork, and increasing floor-to-floor heights.
Incorporated lighshelves into building for shading and providing natural light to all but
the north side.
Results: Annual energy savings of $66,000. Design received 1996 Architecture and
Energy Award.
Source: Steve Wells, Trammel Crow
Project Name: Henningsen Cold Storage Facility
Location: Greshmam, Oregon
Project Size: 50,000 sf
Date Completed: 1996
Project Description: Industrial. Complete systems redesign for the sixth cold storage
facility.
Innovative Environmental Technology: Superinsulated building envelope consisting of
15" of expanded polystyrene in the roof (resulting in an R-70 rating), six inches of
urethane in the walls (R-48) and six inches of extruded polystyrene in the floors (R-30).
Thermal siphon oil cooling system increased refrigeration capacities and reduced energy
consumption. Bilevel lighting systems in each room adjusts lighting levels based on
occupancy. State of the art refrigeration control system operates each unit separately,
further reducing energy consumption and operating costs.
Results: Facility uses approximately 1.15 million fewer KWh per year than other
facilities resulting in annual energy savings of $60,000.
Source: City of Portland Energy Office
Project Name: Lamb's Thriftway
Location: Oregon
Project Size: 49,000 sf
Date Completed: 1997
Project Description: Retail. Energy upgrade and new addition (22,000 sf) to 18-year-
old 27,000 sf marketplace.
Total Project Costs: $3.9 million
Innovative Environmental Technology: Energy efficient lighting system and fixtures.
New cooling system upgrade which eliminated 16 original refrigeration compressors and
replaced them with two cooling and freezing loops which serve the existing store and
new addition. New energy efficient building envelope to improve insulation and
minimize loads on HVAC systems.
Results: Annual energy savings of $65,000. Lamb's sales increased 40% since the
upgrade.
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Source: City of Portland Energy Office
Project Name: Turberry Isle Resort and Club
Location: Aventura, Florida
Project Size: 324,400 sf
Date Completed: 1994
Project Description: Hotel. 300-acre resort property including hotel, two golf courses,
24 tennis courts, five restaurants, and a Yacht Club and Marina.
Innovative Environmental Technology: Complete energy efficient upgrade for hotel.
Replaced air conditioning units, lighting systems, for individual control including photo
and thermal sensing equipment. Upgraded water system and fixtures to reduce water
consumption.
Results: Annual energy savings of approximately $65,000.
Source: HVS EcoServices
Project Name: Sierra Suites
Location: Atlanta, Georgia
Project Size: 43,500 sf
Date Completed: 1997
Project Description: Hotel. Energy retrofit of existing suites hotel in the
Atlanta/Perimeter area.
Project Costs: $2,950
Innovative Environmental Technology: Complete retrofit of lighting system to 15-watt
screw-in compact fluorescent bulbs, and high pressure sodium external ground lights.
Energy consumption measures monitores in areas such as hotel rooms and public
swimming pool. Reduced operating time on mechanical equipment to conserve energy.
Results: Annual savings of $3,000 which exceeded the equipment and labor costs
resulting in a high IRR.
Source: HVS EcoServices
Project Name: Little Dix Bay
Location: Virgin Gorda, British Virgin Islands
Project Size: 95,000 sf
Date Completed: 1995
Project Description: Hotel. 102-unit resort including three restaurants, activity center,
tennis courts, health club, and staff housing.
Innovative Environmental Technology: New solar hot water system. Energy efficient
water system and appliances due to expensive water rates ($0.1947 per cubic foot) which
are over 10 times higher than the desert areas of the United States. Efficient solid waste
management and recycling program to reduce waste by 50%. HVAC upgrade and
operating procedures to eliminate consumption in unoccupied areas.
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Results: Due to innovative technology and more energy efficient and environmentally
friendly operating procedures, Little Dix Bay saves approximately $121,400 per year.
Source: HVS EcoServices
Project Name: Hilton Hotel
Location: Buffalo, New York
Project Size: 602,000 sf
Date Completed: 1994
Project Description: Hotel. 468-room hotel complex including 14,000 sf of meeting
space, four-star restaurant, full service health club with pool, tennis and racquetball
courts.
Total Project Costs: $250,000
Innovative Environmental Technology: Full system energy and waste management
upgrade including new HVAC system installation and building envelope improvements.
Energy efficient windows installed with glazing system to reduce solar gain.
Computerized energy management system to optimize energy efficiency at 34 strategic
points throughout the hotel controlling heating, fans, refrigeration, air conditoningm and
other mechanical systems. Intensive recycling program to comply with City of Buffalo
and State of New York recycling regulations.
Results: Annual energy savings of approximately $90,000.
Source: HVS EcoServices
Project Name: Missouri Historical Society
Location: St. Louis, Missouri
Project Size: 129,000 SF
Date Completed: 1997
Project Description: Institutional. 92,000 sf expansion and 37,000 sf renovation of an
existing history museum.
Innovative Environmental Technology: Energy efficient building envelope using low-
E glass, improved insulation, ornamental shading, and efficient heating and cooling
systems and equipment. Incorporated displacement ventilation to reduce energy
consumption. Occupancy sensors on all lighting systems. Automated interior shading
system minimized solar radiation.
Results: Annual energy savings of $41,910 as compared to good building design. More
than double the savings if compared to ASHRAE standards.
Source: Bob Powers, Hellmuth, Obata, and Kassabaum, Inc.
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Project Name: Howard Johnson
Location: Whippany, New Jersey
Project Size: 51,556 sf
Date Completed: 1997
Project Description: Hotel. 108-unit hotel catered for the business traveling community.
Complex includes conference room and pool.
Total Project Costs: $23,648
Innovative Environmental Technology: Energy efficient retrofit of lighting, air
conditioning, and building envelope. Doors and windows replaced with more energy
efficient product types. Piping systems insulated to eliminate wasted heat gain/loss.
High efficient and adjustable motors installed on HVAC system to reduce energy
consumption.
Results: Annual energy savings of $15,000.
Source: HVS EcoServices
Project Name: FJorida Printing Press
Location: Florida
Project Size: $8,000
Date Completed: 1997
Project Description: Industrial. Lighting upgrade for a printing press facility in Florida
to reduce daytime electricity consumption.
Innovative Environmental Technology: Passive solar design consisting of "light tubes"
which were installed to increase lighting levels. Current lighting levels before upgrade
were approximately 7 to 10 foot candles.
Results: Lighting levels increased 225% while energy consumption was reduced by
$2,500 per year. This was attributable to replaced lighting structures and reduced heating
emitted from lights, resulting in lower demand on the HVAC system.
Source: Daniel McQuillen, Environmental Design and Construction
Project Name: PED Manufacturing
Location: Oregon City, Oregon
Project Size: 76,000 sf
Date Completed: 1996
Project Description: Industrial. Air quality and water efficient upgrade for
manufacturing facility specializing in specialty cast metal parts in an effort to control
costs.
Innovative Environmental Technology: Reverse osmosis filter to purify water as part
of closed loop water system that continuously recycles 2,000 gallons of chilled water for
air temperature control. Cartridge back-flow air filters sort and collect air particulates
from the manufacturing processes to improve air quality and employee comfort, health,
and safety.
Results: Increased worker productivity and annual energy savings in excess of $100,000.
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Source: Richard Roloff, PED Manufacturing and Curt Nichols, City of Portland Energy
Office
Project Name: Marco's Cafe
Location: Multnomah Village, Oregon
Project Size: 6,500 sf
Date Completed: 1994
Project Description: Retail. Energy upgrade to restaurant, caf6, and espresso bar.
Total Project Costs: $15,000
Innovative Environmental Technology: Installation of solar/waste-heat system
comprised of seven solar collectors installed on the roof of the building. Although
system did not provide 100% of the heating for the entire building, it significantly
reduced the natural gas consumption of the caf6.
Results: Average annual energy savings of $1,000. Results are variant upon summer
months and number of intense solar radiant days.
Source: Dean Rothenfluch
Project Name: McStain Environmental Research House
Location: Broomfield, Colorado
Project Size: 2,500 sf
Date Completed: 1995
Project Description: Residential. Demonstration project where two homes were built;
one was a conventional housing project, and the other an environmental home.
Construction costs and monthly utility bills were monitored to compare the economic
impacts of environmentally friendly home construction.
Total Project Costs: $209,000
Innovative Environmental Technology: Environmentally friendly building materials
paying particular attention to low embedded energy and recyclables. Super efficient
building envelope with highly insulated walls, roof, and windows. Energy efficient
lighting systems, appliances and air control equipment.
Results: Theoretical construction cost was $7,000 more for the energy efficient home,
however, through donated materials and subsidies, actual cost was $10,000 less than the
convention home. Average annual energy savings of $920.
Source: McStain Enterprises, Inc.
II1
Project Name: EcoDynamic HomesTM
Location: Cambridge, Massachusetts
Project Size: 1,500 sf
Date Completed: 1996
Project Description: Residential. Energy efficient housing community in suburb of
Boston. Housing geared towards lower to moderate income residents.
Total Project Costs: Sales prices range from $78,000 for studio to $280,000 for
townhouse
Innovative Environmental Technology: Custom designed modular units to reduce
installation costs, embedded energy and construction waste. Environmentally friendly,
low toxicity materials, low VOC paints, and energy efficient HVAC systems. Focus on
indoor air quality and energy efficiency. Passive solar techniques such as exterior wood
shade trellises, energy efficient windows, and highly insulated basement walls.
Results: Annual energy savings of $420. 50% less air pollution generated during
construction, 30% less construction waste, and 40% improvement in indoor air quality
and occupant health/safety.
Source: The Hickory Consortium
Project Name: Park Ridge Hotel
Location: Valley Forge, Pennsylvania
Project Size: 225,000 sf
Date Completed: 1996
Project Description: Hotel/Resort. 265-room first-class conference hotel including
14,796 square feet of meeting space, 200 person capacity restaurant, athletic facilities,
and coffee shop.
Innovative Environmental Technology: Complete water and energy conservation
retrofit. Energy efficient lighting and mechanical equipment, water efficient fixtures, and
intense waste management and recycling program.
Results: Annual energy savings of $29,089.
Source: HVS EcoServices
Project Name: York Hotel
Location: San Francisco, California
Project Size: 41,000 sf
Date Completed: 1995
Project Description: Hotel/Resort. Energy upgrade to 96-room historic hotel in
downtown San Francisco.
Total Project Costs: $14,340
Innovative Environmental Technology: Energy efficient building systems. Water
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fixtures to reduce water consumption. Recycling program to reduce materials entering
waste stream and lower overall operating costs. Improved hotel operating systems to be
more environmentally friendly and energy conscious.
Results: Average annual energy savings of $10,695
Source: HVS EcoServices
Project Name: New Canaan Solar Greenhouse Center
Location: New Canaan, Connecticut
Project Size: 4,000 sf
Date Completed: 1983
Project Description: Two story educational center including classrooms, demonstration
greenhouse on south and upper areas, and office space on northern area of facility
Total Project Costs: $800,000
Innovative Environmental Technology: Innovative solar design although built in the
early 1908s. Shading curtain and insulating night-shade, phase-change (calcium
chloride) materials enclosed in interior partitions and railings, and root-bed heating that
utilizes water heated by solar panels. Water conservation features include efficient
plumbing and fixtures as well as roof-water collector. High heat storage materials
incorporated into building envelope to maximize solar performance.
Results: Average annual energy savings of $6,340.
Source: Don Watson
Project Name: St. Joseph Hospital
Location: Pennsylvania
Project Size: 442,800 sf
Date Completed: 1996
Project Description: Institutional. Energy conservation upgrade to St. Joseph Hotel, a
member of Catholic Health Initiatives (CHI) - the largest not-for-profit health system in
the country, as part of the USEPA's Energy Star® Buildings and green Lights®
Programs.
Total Project Costs: $390,225
Innovative Environmental Technology: Energy efficient lighting systems. HVAC
improvements to reduce energy consumption and sized appropriately due to the lower
intensity lighting upgrade, thereby reducing waste heat.
Results: Annual energy savings of $175,643
Source: USEPA
I~T
Project Name: Wildlife Center
Location: Waynesboro, Virginia
Project Size: 5,700 sf
Date Completed: 1997
Project Description: Institutional. Teaching and research facility for wildlife medical
practice including intensive care unit, x-ray room, research facility, and conference room.
Innovative Environmental Technology: Innovative environmentally friendly
geothermal heating and cooling system. Due to sensitivity of animals to climate, and in
an effort to maintain a natural habitat, individual controls were established for treatment
rooms to mimic the animals' climactic seasons. Geothermal heat system consists of four
heat pumps and 11,350 feet of horizontal ductwork.
Results: Annual energy savings of $2,500 due to the innovative heating and cooling
system.
Source: Dr. Paul C. Liepe, Executive Director of the Geothermal Heat Pump Consortium
Project Name: Texas Specialist Center
Location: Lufkin, Yexas
Project Size: 6,300 sf
Date Completed: 1996
Project Description: Institutional. One-story orthopedic clinic on a four acre wooded lot
Total Project Costs: $885,000
Innovative Environmental Technology: Environmentally sensitive building design
paying particular attention to indoor air quality, and low toxicity building materials.
Rainwatter collection system to serve the landscaping and reduce water consumption.
Energy efficient building envelope to reduce radiant heat gain. Low toxicity blown in
fiberglass insulation was used throughout the building. Self-ventilating radiant barrier
system in the roof to further minimize summer heat gain. PV system installed to provide
back-up electricity and to supplement the power supplied by the local utility company to
effectively reduce electricity bills.
Results: Innovative solar design features result in annual energy savings of
approximately $5,000.
Source: Burke Miller
Project Name: Northland College Environmental Living and Learning Center
Location: Ashland, Wisconsin
Project Size: 32,00 sf
Date Completed: 1998
Project Description: Institutional. Energy efficient demonstration residence and
classroom facility.
Total Project Costs: $4.1 million
Innovative Environmental Technology: Innovative alternative energy applications. 3.2
kW PV array and 20kW wind turbine provide power for the facility. Passive solar design
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features for the southern wing of the facility. Solar hot water heaters. Two composting
toilets and high efficient plumbing and water fixtures. Sensitivity to building materials,
specifying items such as certified wood and linoleum floors.
Results: Average annual energy savings of $41,600.
Source: Tom Wojciechowski, Northland College
Project Name: Mervyn's
Location: California
Project Size: 21.5 million sf
Date Completed: 1995
Project Description: Retail. Energy upgrade to portfolio of stores throughout
California
Total Project Costs: $10.4 million
Innovative Environmental Technology: Energy efficient lighting fixture (T8) and
electronic ballasts. Occupancy sensors installed to reduce energy consumption in vacant
areas. Improved HVAC system and downsized ductwork to account for improved
lighting and reduce energy consumption. Established company-wide energy
consumption standards including new scheduling and behavioral changes to further
reduce overall operating expenditures.
Results: Average annual energy savings of $7 million
Source: USEPA
Project Name: Blue Cross Blue Shield
Location: Portland, Oregon
Project Size: 100,010 sf
Date Completed: 1994
Project Description: Office. Class A office building retrofit while tenant occupying
space
Total Project Costs: $1,500,000
Innovative Environmental Technology: Building shell improvements to improve heat
recovery and to eliminate glare. Replaced single pane windows with insulated glass and
low-e coating. Replaced and reinsulated the roof. Improved lighting with high efficient
T-8 fluorescent lamps.
Results: Energy savings of $130,000 per year, which was well in excess of the project
savings of $77,500.
Source: City of Portland Energy Office
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Project Name: Merix Corporation
Location: Forest Grove, Oregon
Project Size: 3.61 million sf
Date Completed: 1997
Project Description: Industrial. Energy and water efficient upgrade to large
manufacturing plant.
Innovative Environmental Technology: Industrial process modification to use
resources more efficiently. Closed loop chilled water system with efficient placement,
nozzles, and frequency control through valves and floats for industrial cooling operations.
Filtered wastewater to rinse sludge press. Filters sump water to pretreat wastewater.
Energy efficient upgrade to building including lighting and electrical systems. Intense
recycling programs to minimize disposal and hauling fees.
Results: Annual energy savings of $960,000.
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